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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:
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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

	R4-2216200
	Nokia, Nokia Shanghai Bell
	Proposal 1: As the next step, RAN4 should do a proper assessment of the feasibility of SBFD RF requirements, taking at least the following aspects into consideration: 
• Feasibility of the different interference cancellation techniques, with special focus on their applicability to massive-MIMO high-power macro base stations.
• Additional receiver aspects such as receiver linearity, receiver blocking (LNA overload), etc.
• Indirect system performance degradation due to e.g. one or more of: lower BS antenna beamforming gain, lower number of transmit/receive chains, reduction in the number of MIMO layers, etc.
• Cost, size and power consumption aspects of SBFD RF transceivers.
• Site deployment constraints, e.g. due to high clutter in the vicinity.
Proposal 2: Sufficiently large gain under realistic assumptions should be observed from SBFD as compared to fixed and dynamic TDD to justify the additional hardware complexity required for SBFD. 
Proposal 3: It is necessary to do evaluations with realistic scenarios and parameters to avoid misleading conclusions and potentially in-field issues.

	R4-2216406
	Ericsson
	Proposal 1 Frameworks and model for TX and RX processes to be agreed in order to properly assess interference suppression and cancellation gains
Proposal 2 Sources of energy gain and loss to be documented in a qualitative manner
Proposal 3 Impacts to site logistics of any increases in gNB size to be documented in a qualitative manner.
Proposal 4 Schemes to mitigate inter-sector interference should describe impact to site aspects such as deployment complexity, wind load, zoning, isolating material weather durability etc.
Proposal 5 Impacts of multi-carrier and multi-band operation on SBFD and vice-versa to be studied
Proposal 6 Antenna isolation, interference suppression etc. needs to be achievable across the whole 3GPP band in general

	R4-2216542
	ZTE Corporation
	In this contribution, we provided some initial feedback on that reply LS to be further discussed in RAN4.

	R4-2215346
	Qualcomm CDMA Technologies
	Self-interference mechanisms and mitigation techniques
Proposal 1: RAN4 to agree on the metric {N=noise floor+1dB} as a criterion on gNB UL receiver sensitivity degradation due to self-interference to balance between meaningful analysis of SBFD impact and practical complexity. 

2.1 Antenna techniques and spatial isolation
Proposal 2: RAN4 to agree on the value range of 80-90 dB of spatial isolation based on two panels configuration with split of the antenna elements for downlink transmission and uplink reception.

2.2 Beam nulling and clutter mitigation
Proposal 4: RAN4 to agree on the value range of 5-10 dB for beam nulling and clutter mitigation for FR1 and FR2 SBFD deployments. 

2.3 Digital residual self-interference cancellation
Proposal 5: RAN4 to agree on the value range of 10-15 dB for residual self-interference cancellation in the digital domain for FR1 and FR2 SBFD deployments. 

2.4 Aggregate self-interference mitigation capability
Proposal 6: RAN4 to agree on the value range of the aggregate self-interference mitigation RSI α_SI^  of 140-150 dB (120-140 dB) for FR1 (FR2).  

Adjacent-channel CLI aspects
4.1 Co-site inter-sector inter-gNB
Proposal 7: For co-located gNBs, the current RAN4 30 dB isolation is not sufficient to address the inter-gNB CLI. For current ACLR and ACS RAN4 requirements, inter-gNB isolation in the ballpark of 80 dB is required for feasible SBFD deployments.  
Proposal 8: For co-site inter-sector inter-gNB adjacent channel CLI, similar modelling as for self-interference (RSI) should be considered.

	R4-2215390
	CATT
	Observation 1: Both Tx leakage and ACS contribution to SI should be considered for the feasibility analysis. Different sub-band configurations should be analyzed case by case.

Observation 2: Interference cancellation between inter-sector gNBs is challenging, it can’t be assumed for the analysis.
Observation 3: For co-site inter-sector intra-subband gNB-to-gNB interference, blocking issue should be analyzed. 
Observation 4: The target for the co-site inter-sector intra-subband BS interference should be discussed and decided first. The contribution from Tx power falling in overlapped spectrum and ACS contribution should be analyzed for different subband configurations.

Observation 5: For co-site inter-sector inter-subband interference, the analysis approach is similar with co-site inter-sector intra-subband gNB-to-gNB. ACLR and ACS can be assumed compared with intra-subband.

	R4-2215484
	CMCC
	Observation 1: the target RSI for different REFSENSE degradation and different cell scenario are listed in table 1. 
Observation 2: the target RSI to avoid blocking for different cell scenario are listed as in table 2.
Observation 3: per PRB basis frequency domain leakage is more preferred to facilitate RAN1’ simulation. 
Proposal 1: it’s suggested to model Tx leakage to per PRB basis even if we finally conclude ACLR leakage is only per sub-band basis frequency flat.
Observation 4: different implementation may lead to different guard band between sub-bands.

	R4-2216134
	vivo
	Observation 1: The required RSIC value for meeting 1dB REFSENS degradation is related to BS type.
Observation 2: The summarized value range for RSIC may not always meet 1dB REFSENS degradation criteria.
Proposal 1: It is suggested to mention the BS type for each corresponding RSIC value range in the reply LS to RAN1. 
Proposal 2: To define a threshold for RSIC satisfying 1dB REFSENS degradation and further refine the RSIC range.
Proposal 3: It is suggested to clarify the SBFD configuration assumption for each RSIC range for gNB.
Proposal 4: It is suggested to clarify how to scale the RSI model to subband or RB level for gNB.
Proposal 5: Consider guardbands between subbands as optional taking minimum guardbands requirement as starting point.
Proposal 6: To discuss whether gNB ACS can be used for receiving UL subband for mitigating self-interference at gNB side.

	R4-2216202
	Nokia, Nokia Shanghai Bell
	Observation 1: gNB-gNB inter-subband inter-site interference is the dominant interference source, if the co-site isolation (self-interference, inter-sector, and adjacent channel) are managed.
Observation 2: gNB adjacent channel inter-site interference could be even worse than co-channel inter-site, due to site distance being closer.
Observation 3: Reflections from clutter in front of gNB must be suppressed by > 100 dB, or specific active cancellation is needed to mitigate the self-interference effect.
Proposal 1: Digital cancellation of inter-subband transmit leakage power is not feasible in SBFD, and should not be included in the cancellation performance assumptions.
Proposal 2: The total interference effect from self-interference, and other sources should be less that e.g. 1 dB.
Proposal 3: Digital interference cancellation is not feasible in SBFD for co-site inter-sector inter-subband interference cancellation.
Proposal 4: RAN4 to study the magnitude of gNB-gNB co-channel inter-subband inter-site interference in detail, in order to avoid receiver blocking (e.g. LNA overload) and excess desensitization after signal combining.
Proposal 5: RAN4 to address how to manage co-sited deployments of adjacent channel operators in SBFD operation in the study item phase.
Proposal 6: RAN4 to study co-location of adjacent 3-operator scenario in particular from base station LNA third order intercept perspective.
Proposal 7: Clutter impact to self-interference cancellation performance, and possible mitigation methods, should be studied further.
Proposal 8: Use minimum guard band of 2x of clause 5.3.3. of TS 38.104 between the SBFD DL and UL sub-bands, rounded up to integer number of full Resource Blocks.
Proposal 9: The effect of non-linearities at the gNB received suffered should be accounted for in RAN1 and RAN4 system level simulations. This can be modelled as a linear increase (with slope SL1 and SL2) of the base station noise figure as a function of the RF input power at each Rx chain once such input power exceeds a first and a second threshold a and b. RAN4 to further discuss appropriate parameters values for the model (a, b, SL1, SL2).

	R4-2216238
	Huawei, HiSilicon
	Proposal 1: -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 2: Digital IC can be applied for co-site inter-sector case.
Proposal 3: The following parameters are proposed for the BS capable of SBFD operation.
-	TX leakage candidate: 45 dB
-	Receiver impairment candidate: 62 dB

	R4-2216239
	Huawei, HiSilicon
	Observation1: the improved nonlinear requirements can be covered by current BS hardware capability.
Observation 2: there is ~5 dB margin if assuming 0.5dB degradation of noise figure due to ADC dynamic.
Observation 3: The impact due to reciprocal mixing is negligible when the blocking level is -43 dBm.
Observation 4: using the representative parameters, the overall noise caused by -43 dBm blocking is -95.5 dBm which contributes ~0.5 dB degradation.
Observation 5: 62 dB receiver selectivity can be assumed for BS capable of SBFD operation.

	R4-2216404
	Ericsson
	Observation 1: To properly model the TX interference signal to be supressed or cancelled from a BS, at least the CFR process and PA+DPD combination need to be modelled realistically.
Proposal 1: Adopt the PA models in annex A for FR1 when considering TX interference suppression or cancellation.
Proposal 2: Adopt the transmitter model containing net PA+DPD and CFR+channel filtering for evaluation of TX interference suppression or cancellation
Observation 2: Interference cancellation complexity can scale exponentially with the number of transmitters and receivers.
Observation 3: For wide area BS, the complexity of basic interference cancellation is prohibitive.
Proposal 3: Proposals for interference cancellation should be accompanied by estimates of complexity.
Observation 4: The feasibility and complexity of filtering solutions depends on the receiver architecture.
Observation 5: The super-heterodyne receiver architecture enables frequency planning to avoid LO distortions. It is not easily compatible with low complexity analog filtering that does not require large guard between UL and DL sub-bands.

Observation 6: The homodyne type of receiver architecture can be more suited to pre-ADC filtering to prevent ADC overload; however, the complexity of such analog filtering needs careful consideration in a multi-carrier BS.

Observation 7: Filtering in the analogue domain is complex for advanced, direct sampling receivers as it needs to be done at RF.
Observation 8: For FR1:
•	Local area: Receiver linearity easily feasible
•	Medium range: Receiver linearity pretty challenging, but not impossible (with cost of complexity, energy)
•	Wide Area: Receiver linearity a show-stopper challenge
Proposal 4: RX non-linearity needs to be further studied
Proposal 5: Proposals for filtering solutions to avoid ADC overload should clarify the assumptions on RX architecture
Observation 9: For FR2:
•	For 40 dBm BS, RX non-linearity presents an extreme challenge
•	For 30 dBm BS, RX non-linearity presents a challenge that would necessitate a very large separation and/or improving the receiver.
Observation 10: For FR1,
•	Local area BS, reciprocal phase noise mixing is not a significant issue
•	Medium range BS, reciprocal phase noise mixing may need attention with realistic TX-RX isolation, but does not seem a major issue
•	Wide area BS phase noise reciprocal mixing is a challenge that may need a more complex oscillator or IC than in a conventional BS.

Observation 11: Phase noise reciprocal mixing is likely to be a very significant challenge for FR2 for 40dBm. For 30dBm, some improvement in the transmitter design may be needed to avoid degradation.

Proposal 6: Phase noise reciprocal mixing should be examined further, in particular for 40dBm power
Observation 12: For FR1,
•	For LA BS, the DL power is below the blocking requirement and ADC dynamic range is not likely to be an issue
•	For MR BS, the DL power is a few dB below the general blocking level. It needs to be borne in mind that 6dB receiver sensitivity degradation is allowed with the -38dBm general blocker level and also that the TX-RX isolation assumption is optimistic, so some steps might possibly be needed to avoid ADC overload for MR.
•	For WA BS, the receiver power level is substantially greater than the RX blocking levels, by 16dB.
Observation 13: For FR2 the SBFD self-interference will be greater than the 3GPP in-band blocking requirement. For FR2 BS, in particular power levels 30dBm or  below, it may be possible to improve the blocking performance.
Observation  14: For FR1,
•	For an LA BS, inter-sector isolation would cause major non-linearity issues and also phase noise reciprocal mixing and ADC overload. However, a sectorized deployment is anyhow not likely to LA.
•	For a MR BS, with 60dB isolation the distortions from both the transmitter and receiver would be very substantial. Interference cancellation would need to achieve more than 70dB suppression, which is not viable.
•	For WA BS, with 60dB isolation TX related inter-sector interference would be very high and the impact of the DL sub-band on the receiver would be to damage the LNA.
Observation 15: Physical separation between TX and RX panels does not provide sufficient isolation. Structures and materials to improve isolation are needed.
Observation 16: For FR1, with a combination of techniques a sub-array-sub-array isolation of 65dB over reasonable bandwidth is achievable (without radome consideration).
Observation 17: For FR1 (without considering radome), for panel to sub-array isolation around 70 dB over sufficiently large bandwith is achievable as long as the beam is steered in boresight. When the beam is steered elsewhere, the isolation may reduce by ~ 10dB. 
Proposal 7: Assume 65dB average panel-sub-array isolation for FR1 (taking into account variation due to beamforming) for system level analysis. For link level analysis, the isolation due to beam-forming need to be modelled properly.
Observation 18: The sector-sector isolation is cell and beam forming dependent. For FR1, assuming vertical separation of the cells, isolations of up to 60dB may be achievable. This can be considered for system level analysis.
Proposal 8: For system level analysis, assume a best-case cell isolation of 60dB for FR1, but analyse further as depending on beamforming and site, the best case may not be achievable.
Observation 19: For FR2 (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 with beam steering.
Proposal 9: Assume 80 dB antenna isolation for FR2 for system level analysis.
Observation 20: For FR2 (without considering radome), inter gNB isolation can vary between 20 dB to 60 dB with beam forming.

	R4-2216409
	Intel Corporation
	Observation 1: Combining the Passive Isolation and RF Self Interference metrics leads to a more predictable metric and is useful for identifying the potential isolation between the PA output and LNA input.  Of the papers reviewed, none exceeded 90dB for this combination.
Observation 2: Comparing total SIC in Table 2 it appears that 110dB of total SIC is an upper limit.  When adding the 45dB of frequency isolation from the RAN4 discussion in Table 1, this results in an upper bound of 155dB of Overall RSIC.
Proposal 1: We should use an upper bound of 155dB for Overall RSIC for simulations.
Proposal 2: Based on the survey, typical values for simulation should be 80dB for Passive + RF SIC, 30dB for digital SIC, and 45dB for frequency isolation.

	R4-2216544
	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.
Proposal 2: for FR1 full duplex BS, to check the feasibility from both refesens degradation and LNA/ blocking perspective.
Observation 5: 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: for FR2 full duplex BS, to check the feasibility from both refesens degradation and LNA blocking perspective.
Proposal 5: propose to consider guard band between sub-band for SBFDBS to achieve the ACLR/ACS requirement on top of sub-band.
Observation 6: digital IC is feasible to handle the co-channel inter-subband CLI in the co-site inter-sector.
Observation 7:  if sub-band is configured in UE specific carrier level instead of BWP level, then UE ACLR/ACS requirement could be still applicable.
Observation 8:  if sub-band is configured in UE specific carrier level instead of BWP level, then UE ACLR/ACS requirement could be still applicable.

	R4-2216717
	Samsung
	Proposal 1: It’s suggested to agree 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 
Reference sensitivity level
Dynamic range
	Radiated transmit power
OTA base station output power 
OTA output power dynamics
OTA transmitted signal quality
OTA occupied bandwidth
OTA sensitivity 
OTA reference sensitivity level
OTA dynamic range


Proposal 2: It’s suggested to agree that receiver out-of-band blocking and receiver spurious emission requirement in TS38.104 are still applicable gNB capable of SBFD. 
Proposal 3: Further discussion is suggested to discuss further on necessity of new RF requirement for SBFD operation with candidates as below:
· In-channel adjacent subblock leakage ratio(new)
· In-channel adjacent subblock Blocking(new)
· Receiver intermodulation(FFS)
· Transmitter intermodulation (for FR2 only)

Proposal 4: on top of proposal 3, it’s suggested to agree that below requirements 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


Observation 1: ACLR and ACS are pending on RAN4 adjacent channel co-existence study. 
In context of self-interference cancellation for gNB under SBFD operation, the link budget is provided to demonstrate the feasibility based on our PoC measurement result with commercialized available component. 

Regarding the co-site gNB-gNB co-existence issue on top of self-interference we have below proposals:
Proposal 5: For co-channel co-site gNB-gNB case, it’s suggested to agree that 1dB-desenstitity criterion applied as starting point to align with SIC discussion. 
Proposal 6: For adjacent-channel co-site gNB-gNB case, if both gNBs are with SBFD capability, it’s suggested to agree that 1dB-desenstitity criterion applied as starting point to align with SIC discussion.


	R4-2215384
(in AI 6.17.1)

	CATT
	For gNB self-interference general modelling,
Proposal 1: For gNB self-interference modelling, use the model of BS noise floor N = noise floor + [1] dB. The confirmation of [1] dB need to wait the conclusion of feasibility study.
Proposal 2: No need to model RB level scaling for gNB self-interference.
Proposal 3: Guard band is needed for the Tx and Rx sub-band.
Observation 1: The guard band size is related to the sub-band width and the Tx leakage/Rx ACS requirement. UE RF performance may also need to be considered. The feasibility study should study it in detail.

For co-site gNB-gNB inter-subband CLI modelling,
Observation 2: Interference cancellation between the co-site inter-sector gNBs is challenging because coupling from the other gNB is needed to cancel the Rx subband interference.
Proposal 4: Feasibility study should be done for co-site inter-sector gNB-gNB inter-subband scenario from Rx dynamic range and reference sensitivity degradation perspectives.

For inter-site gNB-gNB inter-subband CLI modelling,
Observation 3: ACLR and ACS performance assumptions imply that Tx sub-band digital filter and Rx sub-band digital filter are needed.

For UE-UE inter-subband CLI modelling,
Proposal 5: UE in-band emission is the used as the starting point of UE Tx model.
Proposal 6: UE Noise figure increase corresponding to the input signal level can use the approach in R4-2211562 as a starting point.
Observation 5: UE ACS or ICS model depends on UE implementation for the Rx subband.
Proposal 7: ICS model with -25 dBc can be the starting point of UE Rx model.
Proposal 8: The final UE-UE inter-subband interference should combine the noise figure and the ICS contribution.

For adjacent-channel CLI modelling for system level simulation,
Proposal 9: Adjacent channel co-site, inter-site gNB-gNB and UE-UE CLI modelling are the similar with co-channel inter-subband CLI with different [ACLR/ACS], guard band and ISO (path loss) assumptions.

For the timing and SCS issues,
Observation 6: TA_offset impacts the BS self-interference level after the OFDM FFT calculation.
Observation 7: The TA_offset impact to BS Rx should be aware by RAN4 and studied by RAN1 (and RAN4).
Observation 8: When D and U use different SCS, Tx to Rx interference can be seen after Rx FFT.
Observation 9: The timing for aggressor UE and victim UE may not be aligned. The similar problems with BS, such as TA_offset, non-alignment of OFDM symbols, different SCS problems from FFT calculation can be seen from UE side.
Observation 10: The timing and SCS issues also exist for adjacent channel UE-UE interference.
Proposal 10: Send LS to RAN1 to highlight the possible SNR impact from timing and SCS relationship of D and U for both BS and UE.
Proposal 11: RAN4 continues to do the feasibility study from spectrum perspective before the timing and SCS issues are decided by RAN1.




Open issues summary
Before e-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
 Sub-topic description:
[Moderator] Based on last RAN4 meeting’s discussion, WF on feasibility from RF perspective is approved (R4-2214377), with the following agreement on the self-interference modelling for gNB capable of SBFD operation: 
	Topic 1: RAN4 feasibility study and RF requirement impact for SBFD operation
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.
Topic 2: Self-interference modelling for gNB capable of SBFD operation according to RAN1 LS
Agreement on granularity in frequency domain and question on frequency flat model possibility (Question 1-1/3/5): 
· Proposal: RSI can be modelled as (almost) frequency flat at least could be scaled to subband level with FFS on below aspects
· FFS on guardband assumption between subband for SBFD 
· FFS on necessity/feasibility on RB level scaling
Agreement on RSI dependency on Blocking and AGC（Question 1-4）: 
· Proposal 1: 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
· Proposal 2: 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 infeasible to model this in SLS. 
Note: above proposal will not preclude other study regarding this issue. The size of any impact of coverage associated with AGC should in particular be elaborated.
Agreement on dependency on gNB antenna and beam related (Question 1-5): 
· Proposal 1: gNB antenna architecture has impact on RSI model as to achieve high spatial isolation, separate antenna panels between TX and RX chain are requested
· Proposal 2: TX/RX beam pair can further contribute to RSI pending on implementation.  
· Proposal 3: the RSI will have dependency at least on the listed factors in RAN1 LS, but further details will need to be studied in RAN4.



Furthermore, the reply LS to RAN1 (R4-2214376) has been approved in last RAN4 meeting, in which the value range of RSIC is provided:
	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. 





 
Open issues and candidate options before e-meeting:
Issue 1-1-1: BS class and feasibility for self-interference modelling  
· Proposals from vivo (R4-2216134): 
· Observation 1: The required RSIC value for meeting 1dB REFSENS degradation is related to BS type.
· Proposal 1: It is suggested to mention the BS type for each corresponding RSIC value range in the reply LS to RAN1. 
· Proposals/Observations from ZTE (R4-2216544) for BS type and feasibility checking: 
· FR1 BS: 
· Observation 2: it seems feasible to support the full duplex operation for Medium range BS.
· Proposal 2: 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.
· Proposal 3: for FR1 full duplex BS, to check the feasibility from both refesens degradation and LNA/ blocking perspective.
· FR2 BS: 
· Observation 3: it seems feasible to support the full duplex operation for Wide area BS with only the antenna isolation considered.
· Proposal 4: 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 5: for FR2 full duplex BS, to check the feasibility from both refesens degradation and LNA blocking perspective.
· Observation/Proposal from Nokia (R4-2216202): 
· Observation 4: Reflections from clutter in front of gNB must be suppressed by > 100 dB, or specific active cancellation is needed to mitigate the self-interference effect.
· Proposal 6: Clutter impact to self-interference cancellation performance, and possible mitigation methods, should be studied further.
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Huawei
	Ok to provide the RSIC values for each BS types

	Ericsson
	In general, we agree that for FR1 the feasibility study should present results separately for each BS class, assuming the output power limit for the relevant class (and some reasonable assumption for wide area). 
For FR2, it is also a good idea to relate the feasibility evaluation to classes, but since there is not power limit and no set sensitivity for any classes, we think that there should also be some power differentiation. In particular, it is useful to consider the feasibility for (i) 40dBm output power, which may be seen as an upper end for FR2 power and (ii) 30dBm output power. Whether these are called wide area or medium range may be a secondary issue.

	Spark NZ
	The comments made by many input documents are all very good and relevant. There seems to be an emphasis however to study interference mechanisms within own network. However with an adjacent channel network belonging to a different operator, there will 4 interferers, BS A  to BS B and vice versa, BS A to UE B and vice versa, UE A to UE B and vice versa, BS A to legacy UEs. This is like co-existence of unsynchronized TDD systems for which many studies exist. From the co-existence studies we have done in our network, unsynchronized TDD systems require every large minimum coupling loss and in turn large physical separations- the latter is not achievable.  Here BS to BS required a worst case coupling loss of > 130 dB to maintain of I/N = - 6dB and UE to UE coupling loss of 80 dB also to maintain the same I/N value. The inter operator scenario must be studied and mitigation methods addressed – otherwise it could be an interference nightmare. 

	CMCC
	for FR1, we support RSIC values should be separately for each BS class with specific output power limit for each class
For FR2, it’s also OK to differentiate BS class and we need to align output power for each class.
Regarding clutter, for Uma, gNB is relatively high, we are not sure whether reflection is still too much severe.  

	CATT
	Generally, we support to analyze SI for every class. We suggest there can be some assumptions alignment such as output power for different BS classes.

	Samsung
	We would like to clarify firstly for Proposals from vivo and ZTE: 
     - Is the intention to set a certain RSIC threshold, which could be different to different BS classes. Then, per base station class, the achievable RSIC value or/and range from different companies can be further refined?
For P6, we would like to ask Nokia to clarify how the clutter should be modelled, and if there is no concrete proposal/modelling, we don’t know how to reflect it constructively in either RAN1 and RAN4 evaluation.  Furthermore, it is a deployment dependent issue, for which we don’t expect a SBFD gNB’s proper deployment should be a case with strong clutter effect.  

	Qualcomm
	Proposals from vivo (R4-2216134)
The RSIC definition that was agreed in RAN1 (and subsequently in RAN4) depends on the BS output power. Thus, it depends on the BS class. As a result, we support the mentioning of BS class to the different value ranges of the RSIC. This is applicable for FR1 since we have distinctive power differences between the different classes. For FR2, we tend to focus only on a single case of upper value for output power (e.g., 40 dBm) to provide upper limits for the RSIC values.  
Proposals/Observations from ZTE (R4-2216544) for BS type and feasibility checking
The assumption of subband filtering will add greatly to the gNB complexity. No figures in terms of additional cancellation were given for the subband filtering. 
50 dB for the antenna isolation seems conservative. Is this number based on implementation or theoretical considerations? Where does the component “10*log10(50*10)” come from?
We agree to check the feasibility from both refesens degradation and LNA/ blocking perspective
Observation/Proposal from Nokia (R4-2216202)
The clutter impact should be implicitly included in the RSIC capabilities that RAN4 is discussing as clutter modeling would increase the complexity of the feasibility analysis.  

	Nokia, Nokia Shanghai Bell
	Proposal 1 can be agreed.
Proposal 2 is not agreeable. Assumes sub-band RF filters between the antenna and LNA and potentially between PA and antenna (table 2.2.1-1). Such filters would need very large guard bands, which is not feasible for spectrum utilization perspective, and would also increase the complexity of the RF front end implementation, leading to increased receiver noise figure, cost, and size.
Proposal 3 is ok.
Proposal 4 can be considered, but we think the antenna isolation needs further study.
Proposals 5 and 6 are ok.

	LGE
	We support to analyze SI for every BS class.

	ZTE
	To Samsung,  yes, we plan to check the minimum RSIC for each BS class in FR1 and single power for FR2, its power should be around 30dBm instead of 40dBm since 40dBm is too high for FR2 TRP. For the upper RSIC for each BS, this could be also provided based on companies achievable performance,  however this should be used as further evaluation baseline. 
To Qualcomm, regarding sub-band filtering, that could protect the power before going to the LNA,  otherwise we need big antenna isolation or beam pair isolation to reduce the Tx power going to Rx chain to block the receiver. This is needed at Receiver side depends on the implementation, for transmitter sub-band filtering, this could be one alternative to replace the digital IC somehow. All these are implementation specific, we don’t think we can preclude it anyone.
To Nokia, we could understand that the concerns on the cluster, however we want to need more details and clarify firstly.  This is somehow similar as internal Tx to Rx leakage and impact the digital IC somehow.

	vivo
	From our understanding, different BS types have different output power assumptions and different sensitivity performance. It is expected to have different RSIC values for different BS types. It is beneficial to provide the BS type information in the reply LS to RAN1.
For FR2 BS, we also recognized no power limit and sensitivity level in the current requirements. We are open to discuss whether the RSIC shall be evaluated based on different BS classes. 

	Intel
	P1, P2, P4: Not agreeable.  Although we see value in extending the description of RSIC value according to BS type, yet we also see that it has been difficult to find agreement for RSIC for Wide Area BS alone and that the range is overly wide.  The Medium BS and Local Area BS will need their own budget for antenna isolation, beam isolation etc. as these values will presumably be lower for more compact antenna arrangement, so perhaps it is too soon to add more scenarios.
P3, P5: We agree with the need to add to the Wide Area BS RSIC budget, a place for LNA / blocking.  Since no SAW/BAW filters are planned at the sub-band level, the Rx front-end needs to be able to tolerate the full SI power without the benefit of 45dB ACLR reduction.  The current passive and RF front-end parameters are very close, if not beyond the current Rx sensitivity spec.
P6: We agree that clutter impact should be added to the analysis, especially from the LNA blocking perspective.

	China Telecom
	Agree with the analysis of RSIC and SIC approaches for different BS class.



· Summary on 1st round discussion: 
· On the analysis based on BS classes:
· Majority companies support to mentioning of BS class to the different value ranges of the RSIC. 
· FR1: This is applicable for FR1 since we have distinctive power differences between the different classes. 
· For FR2: FFS the value(s) of upper value for output power (e.g., 40 dBm) to provide upper limits for the RSIC values. 
· On BS type and feasibility checking:
· No consensus on the feasibility/necessity of sub-band filtering
· On the analysis on the impact of clutter
· The necessity and how this impact should be incorporated is questioned by several companies. 
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be continued in 2nd round, based on open issues listed above. 
· Moderator will suggest this issue 1-1-1 to be discussed in GTW. 


Issue 1-1-2: 1dB Desense Target and the threshold for RSIC 
· Proposals/observations on confirmation of 1dB Desense target: 
· Proposal 1 (Qualcomm, R4-2215346 and Nokia, R4-2216202): RAN4 to agree on the metric {N=noise floor+1dB} as a criterion on gNB UL receiver sensitivity degradation due to self-interference to balance between meaningful analysis of SBFD impact and practical complexity.
· Proposal 2 (CATT, R4-2215384):  For gNB self-interference modelling, use the model of BS noise floor N = noise floor + [1] dB. The confirmation of [1] dB need to wait the conclusion of feasibility study.
· Observation 1 (Samsung, R4-2216717): 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.
· Proposals on threshold for RSIC from vivo (R4-2216134): 
· Observation 2: The summarized value range for RSIC may not always meet 1dB REFSENS degradation criteria.
· Proposal 3: To define a threshold for RSIC satisfying 1dB REFSENS degradation and further refine the RSIC range.
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Huawei
	Ok to agree on 1 dB desens as a criterion.

	Ericsson
	We do not see a need to set a threshold and calculate backwards RSIC from the 1dB sensitivity degradation assumed for the co-existence simulations. Instead, it would be preferable to, based on technology evaluation, determine what RISC is feasible and then based on the feasible RSIC figure out the sensitivity degradation for each class. This process has already started in that companies have presented views on feasible RSIC. It may be that in the end there are several views captured for the feasible RSIC for each class.
If 1dB (or less) is achieved that is great. In case for some class the RSIC would be greater than 1dB, then clearly coverage gains will be impacted, but other types of gain, such as latency or UL capacity increase may still be observed. So it is not clear that, even if 1dB sensitivity degradation is deemed not achievable for some class, that implies that SBFD is not feasible or has no gains. For this reason, we think that the process should be to determine feasible RSIC and from that the sensitivity impact, not set some limit on sensitivity impact beforehand and check whether it can be met.
Later on, having established views on RSIC and calculated degradation we can always decide what is acceptable.

	CMCC
	We are OK to 1dB degradation. Sum of noise and residual self-interference = N +1dB, self-interference = N-6dB

	CATT
	We’re ok to use 1 dB as the target, but the feasibility study should confirm it. As some company commented, WA class may have difficulties.

	Samsung
	We would like clarify our understanding for the 1dB agreement achieved in last meeting: Since both RAN1 evaluation and RAN4 coexistence evaluation need this value to facilitate these works, otherwise especially RAN1’s work can’t be proceeded. 
We can support P1. For how to achieve this 1dB desense, we assume different companies may have different implementation, so the resultant RSIC value/range can be different. For whether or not the “feasibility” conclusion can be made, we think 1dB desence should be used as the criteria as P1.

	Qualcomm 
	As discussed in RAN4#104-e, we believe that 1 dB is a good criterion for gNB UL receiver sensitivity degradation due to self-interference (resulting in I/N = -6 dB). 
We should discuss first the feasibility and deduce if it meets the RSIC 1 dB REFSENS degradation or not. If not, RAN4 should discuss what improvements are required to yield it feasible. Thus, we do not support defining the RSIC first based on the 1 dB REFSENS degradation. 

	Nokia, Nokia Shanghai Bell
	The proposals can be agreed. We would like to note however, that the combined UL sensitivity degradation from all sources (self-interference, co-channel inter-site interference, adjacent channel interference) should be manageable, and higher combined total values than 1 dB would likely not be acceptable. This implies better self-interference cancellation performance than N+1 dB.

	LGE
	We are OK with 1dB desens criterion (SI=N-6dB).

	ZTE
	Firstly 1dB sensitivity degradation is not the same as noise floor+1dB which should be noise floor-6dB.
Secondly, we need to have the common assumption for companies to do further studies, from our understanding, for higher RSIC to achieve much better performance than 1dB sensitivity degradation would have minor impact on the final results.
To further improvement down to 0.1dB sensitivity degradation, from our understanding, that is not necessary.

	Vivo
	In the last meeting, the summarised RSIC range is very wide, 95 ~185 dBc for FR1 and	102.5~ 205 dBc for FR2. It is not helpful for RAN1 to decide which value for evaluation. Therefore, we suggest to further refine the RSIC range. Whether it is based on 1dB REFSENS degradation or technology evaluation, it is up to BS vendors.

	Intel
	We agree with Observation 2: We do not agree with that it is feasible to achieve 1dB de-sense in all cases.  In our view, the budget for RSIC is very tight, or even not feasible in some cases.
We prefer Proposal 2, keeping the refesense degradation in square brackets as we see 1dB as too loose a number.  We must keep in mind that both RSIC and gNB-to-gNB CLI are predicted to be strong interferers.  So we prefer a smaller number than [1]dB so that both RSIC and CLI together only bring 1dB degradation.

	China Telecom 
	We support that 1 dB is a good criterion for gNB UL receiver sensitivity degradation.

	Ericsson
	We would like to understand what others understanding of “criterion” is ?
For co-existence simulations, it was agreed last meeting to assume 1dB degradation in the gNB to check on whether there are throughput losses to/from an adjacent operator and dtudy ACLR/ ACS.
In our understanding, the RSIC needs to be proposed based on an analysis of what is possible and reasaonable. RSIC proposals should be accompanied by some assumptions and justification, and probably we will get some different values with different assumptions. It is possible to calculate a sensitivity degradation based on each proposed RSIC values. 
Clearly if we would set a 1dB “criterion” that would not be the same as deciding that SBFD is feasible for all power levels and configurations, as it would not take into account how the RSIC is achieved. So the “criterion” is not a decision on feasibility on it’s own.
In reality, SBFD will be  feasible for some power levels and configurations and less so for others. So then is the “criterion” that if the degradation is more than 1dB RSIC for some BS class and configuration then SBFD is infeasible ?  That may assist in clarifying where SBFD can be applied and also which assumptions are essential. But suppose the degradation is e.g. 1.5dB with some kind of assumptions that involve much less complexity than others that reach 1dB for example ? Would that be saying that SBFD is not feasible with lower complexity, only the higher complexity assumption ?
We do not see any further need for an assumption of 1dB in simulations, since for co-existence simulations we already assume the 1dB.
It would be good to get a common understanding on what the “criterion” means.



· Summary on 1st round discussion: 
· 1dB desens criteria:
· Majority companies think 1dB can be confirmed based on the balance between interference impact and complexity, which can be further used as the criteria to decide SBFD feasibility. 
· One company raised concerns on the how to interpret 1dB dense criteria.
· Recommendations for 2nd round:
· Based on WF from last meeting, the discussion on the following refined WF is suggested to be continued in 2nd round: 
· 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.
·  Moderator will suggest this issue 1-1-2 to be discussed in GTW. 

Issue 1-1-3: SBFD configuration assumption for RSIC
· Proposals from vivo (R4-2216134) and CATT (R4-2215390) to clarify SBFD configuration: 
· Proposal 1: It is suggested to clarify the SBFD configuration assumption for each RSIC range for gNB.
· Observation 1: Both Tx leakage and ACS contribution to SI should be considered for the feasibility analysis. Different sub-band configurations should be analyzed case by case.
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Huawei
	It is better to agree on a few examples on the SBFD configurations when provide studies.

	Ericsson
	We agree that both TX leakage and RX ACS should be considered and that the SBFD configuration should be stated. Also other assumptions should be stated such as antenna configuration, size and means to mitigate interference, interference cancellation, any additional measures to reduce TX such as additional DPD or CFR, or RX such as increased IIP3, filtering etc., impact to far-field radiation pattern of nulling etc. assumptions used when proposing RSIC.

	CMCC
	The suggestion from Ericsson is OK for us. companies are encouraged to provided as much information as possible when proposing RSIC.

	CATT
	We also suggest to align the analysis assumptions, such as power, SBFD configuration, etc. 

	Samsung
	Based on last meeting’s WF, “RSI can be modelled as (almost) frequency flat at least could be scaled to subband level”, with that, we believe different SBFD configuration may not play important impact on RSIC performance. 
For future meeting’s progress, seems for the study item phase, it should be okay to have SBFD configuration assumption(s) reported for each RSIC result submitted by each company, while each company can use different assumptions.

	Qualcomm
	The focus has been so far on DUD and DU configurations, which should be the case when further progressing the feasibility and the coexistence studies. We do agree that it is important to account for Tx leakage and Rx selectivity for different subband configurations. However, we also should aim to make the RSIC value ranges practical when we list the different accompanying contributors/ assumptions to each value. 

	Nokia, Nokia Shanghai Bell
	Proposal 1 is ok.

	LGE
	We think that focusing first on certain accurately defined scenarios (DUD/DU with defined CBW and sub-bands) is better than trying to find generic answers and models. This can then be improved over time.
For example:
- CBW100, DUD 40/20/40 (used in earlier RAN1 and RAN4 documents)
- CBW100, DU xx/yy

	ZTE
	Firstly we tend to agree with huawei that some example tables might help the further results summary. 
In addition, we also agree with Ericsson that both Tx leakge and Rx ACS should be considered

	vivo
	From our understanding, with different SBFD configuration, the RSIC can be different. For example, for DUD case, we need to consider the DL 40M to UL 20M self-interference; for DU case, we need to consider the DL 80M to UL 20M self-interference. It is better to clarify the SBFD configurations for specific RSIC range.
For gNB UL subband, ACS can be assumed for further mitigating self-interference from Rx side.

	Intel
	Proposal 1 is agreeable.  We should clarify the SBFD configuration.  DUD 40/20/40 having 20% UL is a target use case since the band centers are aligned for UL and DL.

	China Telecom
	It might be better to figure out which of the many self-interference suppression methods will be affected by SBFD configuration and which will not. Based on that, we can further study the RSIC for different SBFD configuration.



· Summary on 1st round discussion: 
· On SBFD configuration (whether or not some/one exemplary configuration is needed):
· Majority companies think clarifying SBFD configuration is of necessity, when RSIC analysis is performed. 
· Recommendations for 2nd round:
· The discussion on the following suggested WF is suggested to be discussed in 2nd round: 
· For RSIC analysis, to be provided by each company:
· SBFD configuration assumption should be reported.

Issue 1-1-4: Guardband assumption for RSIC
· Proposals: 
· Option 1 (vivo): Consider guardbands between subbands as optional taking minimum guardbands requirement as starting point.
· Option 2 (Nokia): Use minimum guard band of 2x of clause 5.3.3. of TS 38.104 between the SBFD DL and UL sub-bands, rounded up to integer number of full Resource Blocks.
· Option 3 (CMCC): different implementation may lead to different guard band between sub-bands: 
· Option 4 (CATT): Guard band size is related to the sub-band width and the Tx leakage/Rx ACS requirement. UE RF performance should also be considered.
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Huawei
	Option 3, it may be implementation related.

	Ericsson
	 Guard bands are needed and will relate to the sub-band size. The assumption should be stated when presenting RSIC. Probably we don’t need to decide now (each company can state their assumption when presenting RSIC), but if we do then the Vivo and Nokia proposals are reasonable (of course, minimum guardbands should be applied in both DL and UL sub-bands).

	CMCC
	If there is no sub-band analog filter, option 1 and option 2 are both OK. The issue is the baseline bandwidth to determine guard band, i.e. refer the same guard band from carrier bandwidth or from sub-band bandwidth.
But if there is sub-band analog filter, we are afraid we need larger guard band.

	CATT
	Usually from digital filter technology point of view, guard band relative ratio compared with the sampling rate is the aspect impacting the filter sized. So when subband size is large, the guard band size should also increase. For the implementation, the spec should allow the implementations widely used. So again, we should have some assumptions for the SB configuration, then discuss the guard band size.

	Samsung
	Agree with Option 3. Similar to Issue 1-1-3, seems for the study item phase, it should be okay to have the guardband assumption reported for each RSIC result submitted by each company, while each company can use different assumptions.

	Qualcomm
	We are ok with option 1 and option 2. Option 3 is logical as the different implementations (and configurations) will lead to different GB assumptions. 

	Nokia, Nokia Shanghai Bell
	Option 2 is the only concrete proposal with specific numbers for consideration. Therefore quantitative evaluations should at least include that as mandatory.

	LGE
	We are also OK with options 1, 2 and 3

	Apple
	It is OK to start from the BS side to decide the GB size, considering RSIC. However, as the GB size will impact the UE to UE CLI. So eventually, the coexistence performance needs to be considered when deciding the GB size.

	ZTE
	We think that guard band is needed to achieve ACLR and ACS assumption for sub-band. In addition, this also depends on the sib-band configuration.

	vivo
	In the last meeting, 45 dBc frequency isolation (ACLR) is assumed in the summarized RSIC range. From our understanding, ACLR definition already implies guard band. We think guard band may be needed if frequency isolation is used. 
We intend to agree with CMCC that different implementation may have different RSIC performance which may result in different guard band design. In the end, whether the guard-band between sub-band is recommended from RAN4 perspective shall be based on the self-interference analysis considering the 1dB Rx desense target. 
Base on above analysis, we suggest guard band between subbands can be optional.

	Intel
	Option 1 and 3, with GB assumptions reported in RSIC results makes the most sense.  

	China Telecom
	Option 3 is preferred.



· Summary on 1st round discussion: 
· On guandband assumption (whether and how large guandband should be assumed):
· Majority companies think clarifying Guardband assumption is of necessity, when RSIC analysis is performed. 
· Recommendations for 2nd round:
· The discussion on the following suggested WF is suggested to be discussed in 2nd round: 
· For RSIC analysis, to be provided by each company:
· Guardband assumption should be reported.

Issue 1-1-5: Necessity/feasibility on RB level scaling
· Proposals: 
· Option 1 (CMCC): Model Tx leakage to per PRB basis (even if we finally conclude ACLR leakage is only per sub-band basis frequency flat)	Comment by chunxia-CMCC: Sorry, this proposal is for co-channel inter-subband. So I delete this option 1.
· Option 2 (CATT): No need to model RB level scaling for gNB self-interference
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Ericsson
	We do not see a strong need to model per PRB leakage; it is sufficient to model the total leakage into the UL sub-band when the DL sub-bands are occupied.

	CMCC
	option 1 to facilitate RAN1 simulation and reply per PRB basis modeling to RAN1.
During simulation in RAN1, scheduled PRB is non-contiguous. E.g. number 1 and number 20PRB are both scheduled to transmit and number 30 and number 40 PRB are scheduled to receive. If Tx leakage is not per PRB basis, how could RAN1 model the Tx leakage?

	CATT
	Support option2. RB level SI is difficult to be modeled because of the different implementations especially DPD.

	Samsung
	Similar comment as Ericsson and CATT. 

	CMCC2
	Sorry, our previous comment (option 1) is not for self-interference scenario. I have deleted our first round comment. Option 2 is OK for us if we finally approve the criteria is XdB degradation of REFSENSE for SI.

	Qualcomm 
	Ok with option 2.   

	Nokia, Nokia Shanghai Bell
	We support option 2.

	LGE
	OK with option 2

	ZTE
	We have different understanding as other companies, if this is for RAN1 reply LS, if RAN1 did some scheduling on PRB level, how they assume the self interference for it?  If we only consider scheduling single user in sub-band uplink, it should be okay without any scaling, however that might be not case in practice

	vivo
	In the reply LS to RAN1, a frequency flat model can be assumed for SIC at gNB side. If it is a frequency flat model, we assume it can be scaled to RB or Subband level since the PSD for Tx/Rx frequency unit can be seen as flat. 

	Intel
	Option 2 is fine.



· Summary on 1st round discussion: 
· Majority view agrees on Option 2
· One company raise the concern on the necessity of scaling for some case. 
· Recommendations for 2nd round:
· The discussion on the following suggested WF is suggested to be discussed in 2nd round: 
· No need to model RB level scaling for gNB self-interference:
· Note: “RSI can be modelled as (almost) frequency flat at least could be scaled to subband level” is agreed in RAN4#104-e.
· Moderator will suggest this issue 1-1-5 to be discussed in GTW. 

Issue 1-1-6: RSI dependency on blocking and AGC
· Proposals on LNA saturation/non-linearity : 
· Proposal 1 (Huawei, R4-2216238): -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 2 (Ericsson, R4-2216404): Evaluation should be based on IIP3 performance with respect to RAN4 receiver IM requirement  
· Proposals on IIP3 applied in receiver non-linearity:
· Proposal 3 (Huawei, R4-2216239): RX IIP3 of -10dBm can be considered as representative nonlinear capability for current FR1 WA BS. 
· Proposal 4 (Ericsson, R4-2216404): 10dB improvement assumed on top of 3GPP minimum requirement with example for FR1 as below:
· -22.6 dBm IIP3 for wide area BS
· -17.6 dBm IIP3 for Medium Range BS
· -14.6 dBm IIP3 for LA BS
· [Moderator]: corrections given for MR and LA BS by considering 10dB improvement. 
· Proposals/Observations on ADC dynamic range:
· Observation1 (Huawei, R4-2216239): there is ~6 dB margin if assuming 0.5dB degradation of noise figure due to ADC dynamic.
· Proposal 5 (Ericsson, R4-2216404): Proposals for filtering solutions to avoid ADC overload should clarify the assumptions on RX architecture 
· Observation 2 (Ericsson, R4-2216404):
· For FR1 LA BS, the DL power is below the blocking requirement and ADC dynamic range is not likely to be an issue
· For FR1 MR BS, the DL power is a few dB below the general blocking level. It needs to be borne in mind that 6dB receiver sensitivity degradation is allowed with the -38dBm general blocker level and also that the TX-RX isolation assumption is optimistic, so some steps might possibly be needed to avoid ADC overload for MR.
· For FR1 WA BS, the receiver power level is substantially greater than the RX blocking levels, by 16dB.
· For FR2 the SBFD self-interference will be greater than the 3GPP in-band blocking requirement. For FR2 BS, in particular power levels 30dBm or below, it may be possible to improve the blocking performance.
· Observation 3 (Samsung, R4-2216717): according to calculation presented in table 5, the requested ADC dynamic range is still within the range of commercialized available component.
· Proposals on AGC impact: 
· Proposal 6 (Nokia): The effect of non-linearities at the gNB receiver suffered should be accounted for in RAN1 and RAN4 system level simulations. This can be modelled as a linear increase (with slope SL1 and SL2) of the base station noise figure as a function of the RF peak input power at each Rx chain once such peak input power exceeds a first and a second threshold a and b. RAN4 to further discuss appropriate parameters values for the model (a, b, SL1, SL2). 
[image: ]
[bookmark: _Ref115375147]Figure. Behaviour of noise figure as a function of Peak input power.
[bookmark: _Ref115375461][bookmark: _Ref115375428]Table: Example parametrization of proposed model
	Snf
	Small signal noise figure
	5
	dB

	a
	Peak input power threshold 1
	-40 to -25
	dBm

	b
	Peak input power threshold 2
	-20 to -10
	dBm 

	SL1
	Noise figure slope 1  
	0.1 to 1
	

	SL2 
	Noise figure slope 2  
	1 to 2
	



	NF = Snf						                                                                 for Peak input power < a 
NF = Snf – a * SL1 + SL1* Peak input power                                     for: a < Peak input power < b
NF = Snf – a*SL2 + b*(SL1 – SL2) + SL2*( Peak input power)        for Peak input power > b



· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Huawei
	Comments to proposal 4  (Ericsson, R4-2216404), IIP3 calculation based on in-band blocking rather than ACS is more preferred.
On proposal 6 (Nokia), the model looks good, but the parameters may depend on the implementations. FFS on whether one threshold can also work.

	Ericsson
	Regarding the Huawei proposal, a couple of comments. For the IIP3 performance of an existing BS, our understanding is that the RX general blocking is not the dimensioning requirement, because the RX blocking interferer is not located in the adjacent channel but in the second to adjacent channel, so most of the IM3 does not land in the wanted signal. The IIP3 of a BS just compliant to the RAN4 requirements could be based on RX IM, which is how we get to our figures. If the IIP3 needed to meet RX IM is used, then the BS will also pass the blocking requirement with the blocker I n the 2nd adjacent channel. We agree that for -43dBm blocking, around -10dBm IIP3 would be needed, but would consider that as around 20dB improvement over the level needed to just meet 3GPP requirements. Another thing is that the level of the RX signal arriving at the SBFD receiver may be larger than -43dBm, so in fact more IIP3 performance may be needed.
Regarding the ADC range, it depends on the level seen at the receiver; if it is at the blocking level it may be OK as Huawei indicate, although our analysis suggests that the power may be 16-26dB higher than the blocking level.
Regarding the Nokia proposal, it may be a good WF for SLS but we would like to understand better the reason for two slopes. Is it something like: below (a), the receiver is very linear above (a) the NF degrades according to IIP3 and above (b) the receiver degrades even more than IIP3 due to quantization distortion ?  One thing this model does not consider is AGC, which would degrade the NF but avoid the steeper slope. 


	CATT
	We support to analyse Rx linearity. First we propose to align some analysis assumptions, such as Tx power, SB configuration, REFSENS degradation for blocking. Second, we need to clarify what’s the blocking scenario. If it’s from inter-subband interference, should it be also treated as ACS signal after the Rx non-linearity has been considered? Our understanding is that if the adjacent SB interference is as large as blocking signal, then the current ACS capability can make the REFSENS degradation very large. So the blocking signal level should also be discussed and decided.

	Samsung
	Proposals on LNA saturation/non-linearity: we tend to agree to retain in-band blocking hence proposal 1 is preferred
Proposals on IIP3 applied in receiver non-linearity: the LNA IIP3 based on datasheet from commercialized device should be more realistic. But we also agree that that would be dependent on device selection in implementation.
Proposals/Observations on ADC dynamic range: based on available input on ADC dynamic range, there are two companies results demonstrate the feasibility. And one company observation shows potential problem for some cases. More analysis and input would be needed. 
Proposals on AGC impact: clarification is needed regarding this model. Even with -43dBm in-band blocking is chosen as P1, it seems the proposed model with AGC is not actually applicable: For the value of a (chosen from -40 to -25), it means the SL1 or SL2 will not be applicable? We would like the proponent company to further clarify this model. 

	Qualcomm
	We do agree with CATT to first align the different parameters and then progress the Rx linearity discussions. We agree with Huawei and Samsung that the IIP3 calculation should be based on the in-band blocking. Improvements in terms of the required IIP3 to what exists currently in 3GPP specs are expected to enable the gNB to be SBFD capable. Additional IC isolation and lower Total conducted power will bring the analysis provided by E/// closer to be feasible for MR and WA gNBs. 
For proposal 6, further clarifications on the figure and thresholds (a,b, SL1 and SL2) are needed. First, what is the source of the numbers in the third column in the table? Second, does the slopes represent the linear region of the Rx, where SL1, IIP3 is dominating and in SL2, the non-linearities result in degradation with a factor equals 2?

	Nokia, Nokia Shanghai Bell
	We support Proposal 2, and would like to note that in Proposal 1 the peak input power (i.e. not RMS) should be used.
We also support Proposal 4, with the remark that the IIP3 of the whole receiver chain should be considered, not only the IIP3 of the LNA. This is modeled in our Proposal 6 model. We invite companies to suggest performance numbers for Proposal 6.

	ZTE
	Regarding IIP3 for receiver, we also think that in-band blocking requirement should be imensioning requirement instead of ACS requirement.
For Nokia’r proposal, we also think that more discussion might be needed.

	vivo
	•	Proposals on LNA saturation/non-linearity : 
For Huawei’s proposal, if we consider different BS types, is this maximum blocking level -43dBm applied to wide area BS, or all types of BS?

	Intel
	We need to clarify what is the blocking scenario at the LNA input.  Since this is SBFD, we should not assume any sharp sub-band filtering, ahead of the LNA.  This requires the LNA to linearly absorb the entire leaked DL signal.  After down-conversion, there may be digital sub-band filtering and digital SIC, that will remove the DL signal.  Thus, assuming ACLR and ACS is not valid in the LNA blocking scenario, these apply to the UL sub-band after down-conversion, but the LNA must tolerate the DL sub-band first.
For Proposal 1, we don’t think -43dBm will be large enough for maximum blocking, if we assume an antenna isolation less than 80dB.  We think the max input signal requirement will need to be raised.  Similarly in Proposal 4, we see the -22.6dBm IIP3 as insufficient for antenna isolation less than 80dB.  The range of antenna isolation we discussed was 50 to 80dB in last meeting.
We see the Rx IIP3 of -10dBm as (Proposal 3) as more realistic for the large, coupled DL signals that the Rx will be required to tolerate.
As for ADC dynamic range, based on the analysis in R4-2216409, we can assume 30dB of digital SIC in addition to margin for ADC noise floor, DL PAPR and AGC throttling.  



· Summary on 1st round discussion: 
· Proposals on LNA saturation/non-linearity: 
· Proposal 1: -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.
· Companies raised the concern that -43dBm could not be enough and whether RMS/peak value should be used. 
· Proposal 2: Evaluation should be based on IIP3 performance with respect to RAN4 receiver IM requirement  
· Concerns raised on how/whether LNA IIP3 value can be aligned. 
· ADC dynamic range: 
· Different views on ADC dynamic range is overloaded or not, especially considering different BS classes. 
· AGC impact: 
· As raised by several companies, further clarifications on the figure and thresholds (a,b, SL1 and SL2) are needed. 
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be continued in 2nd round, based on open issues listed above. 
· Moderator will suggest this issue 1-1-7 to be discussed in GTW. 

Issue 1-1-7: Performance of Digital IC for inter-subband self-interference
· Proposal from Nokia (R4-2216202):
· Proposal 1: Digital cancellation of inter-subband transmit leakage power is not feasible in SBFD, and should not be included in the cancellation performance assumptions.
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Huawei
	Disagree, digital IC is feasible and can achieve 10~20 dB based on our evaluation.

	Ericsson
	For a WA BS, due to the large number of TX and RX, it would indeed seem that digital IC would no be feasible at reasonable complexity. It may be possible to reduce TX interference using more DPD suppression. For a small number of TX/RX in smaller BS (MR or LA), digital IC may be more reasonable in complexity.
We request companies quoting IC numbers to say something about the complexity and number of TX/RX they assume.

	CATT
	We’re also interested on the implementation architectures for the WA digital IC and also RF IC. We expect it could be challenge.

	Samsung
	Different view from Nokia’s proposal and Ericsson’s comment. 
Digital IC’s complexity depends on the number of digital channels (TxRU in RAN1 terminology), rather than the number TX/RX antenna elements. So even with higher complexity than MR/LA BS, WA BS’s digital IC is still feasible, which is not only claimed by theory, but already demonstrated by our H/W PoC. 
For DPD, we don’t see the conflicts between digital IC and DPD. If DPD is used, better linearity can be expected, but we don’t see the reason to forbid digital IC in this case. With DPD + digital IC, the performance should be better. 

	Qualcomm
	We support the presence of digital IC which help in cancelling the residual SI. Additionally, we have shown in our paper the feasibility of digital IC for FR1 and FR2 based on actual measurements, with the capability to provide additional 10~15 dB of cancellation. 
As Samsung highlighted, DPD should bring additional IC and thus enhance the performance. 

	Nokia, Nokia Shanghai Bell
	The recommended WF can be agreed.

	ZTE
	We also disagree with Nokia’s proposal, we also think that digital IC could be implemented in practice.

	vivo
	As same as many other self-cancellation techniques provided in RSIC analysis, digital self-interference cancellation is an implementation solution. At least, in SI phase, such implementation shall be considered even RSIC value range for digital IC can start from 0 representing the implementation without digital IC capability but upper lime of RSIC of digital IC can be provided considering such implementation. 

	Intel
	Disagree, digital IC is feasible within limits.  While we agree that for now, for large MIMO implementations, it may be overly complex to achieve high levels of digital IC (ie. 30dB), such as non-linear digital IC.  But with matrix pruning algorithms, and more simple linear digital IC, we see that the power consumption overhead is not prohibitive and some benefit from digital IC is achievable.



· Summary on 1st round discussion: 
· No consensus on the feasibility of digital IC for BS self-interference.
· Complexity issue raised by Ericsson and Nokia. 
· Concerns are raised for digital IC should not be considered if DPD exists. 
· Recommendations for 2nd round:
· To be continued in 2nd round. 
· Considering the different understandings need to be clarified, moderator suggest this issue 1-1-7 to be discussed in GTW. 

Issue 1-1-8: Refinement of RSIC value/range
· [Moderator] Background: In last meeting’s WF, companies’ inputs on RSI had been captured for information: 
· Table 1: Summary table for FR1
	Factors 
	R4-2211562
	R4-2212493
	R4-2212486
	R4-2212620
	R4-2212848
	R4-2213690
For Medium range BS
	R4-2212117/Kumu

	Spatial isolation 
	80 dB 
Separated panel 
	80 dB

	70 -80 dB
Separated panel
	65 dB in large enough BW
	100+ dB needed for Macro, feasibility FFS , 
	50 dB
	>70 dB

	Frequency isolation
	45 dB
	45
	45 dB
	45dB as commented in 1st round
	45 dB
With guard band
	45 dB
	45 dB

	Beam nulling /isolation
	5~10 dB
	TX beam:10 dB 
RX beam:10 dB
	~10 dB
	-
	FFS
	-
	30-40dB together with RF cancellation 

	Digital IC 
	10~15 dB 
	10 dB
	30-50 dB
	-
	FFS
	[30] for digital IC or transmitter sub-band filtering
	

	Overall RSIC
	140~150 dB 
as capable
	145 dB 
	140 – 185 dB as capable 
	110dB based on discussion so far (greater ACLR and IC/beam nlling may be possible but assumptions/feasibility should be discussed)
RX RSI is missing and needs to be considered
	100+ dB needed for Macro
	125 dB
	>145 dB


· Table 2: Summary table for FR2-1
	Parameter
	R4-2211562
	R4-2212493
	R4-2212486
	R4-2212848
	R4-2213690
	Kumu

	Spatial isolation 
	80-90 dB
Separated panel
	85~95
	90-120 dB
Separated panel
	Shared antenna is not feasible
	96 dB
	80-90dB

	Frequency isolation
	28 dB
	28 dB
	30 dB
	22.5 dB
	28 dB
	28dB

	Beam nulling /isolation
	5~10 dB
	TX beam:10 dB
RX beam:10 dB
	 ~5 dB
	FFS
	
	30-40dB together with RF cancellation

	Digital IC 
	10 dB
	-
	30 -50 dB
	FFS
	
	

	Overall RSIC 
	120-140 dB
	123 dB
	145 – 205 dB
	-
	124 dB
	>138dB



· In this meeting, further proposals for FR1 are provided: 
	Parameter for FR1
	Agreed Range from RAN4#104-e
	Qualcomm
(R4-2215346)
	Intel
(R4-2216409)
	Ericsson
(R4-2216404)

	Spatial isolation 
	50~80 dBc
	80 dBc
	80 dBc
	65dB

	Frequency isolation
	45 dBc 
	45 dBc
	45 dBc
	N/A

	Beam nulling /isolation
	0~40 dBc
	5-10 dBc
	N/A
	N/A

	Digital IC 
	0~50 dBc
	10-15 dBc
	30 dBc
	N/A

	Overall RSIC capability 
	95 ~185 dBc
	140-150 dBc
	≤155 dBc
	N/A


· In this meeting, further proposals for FR2-1 are provided: 
	Parameter for FR2-1
	Agreed Range from RAN4#104-e
	Qualcomm
(R4-2215346)
	Ericsson
(R4-2216404)

	Spatial isolation 
	80-120 dBc
	80-90 dBc
	80dB

	Frequency isolation
	22.5~30 dBc
	28 dBc
	N/A

	Beam nulling /isolation
	0~40 dBc
	5-10 dBc
	N/A

	Digital IC 
	0~50 dBc
	10 dBc
	N/A

	Overall RSIC capability 
	102.5~ 205 dBc
	120-140 dBc
	N/A



· Observations on factors to calculate FR1/FR2 RSI, from ZTE (R4-2216544):
· Observation 1: 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 2: 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 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
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Huawei
	It is quite general and should be ok

	Ericsson
	Regarding the approaches proposed by ZTE, it would be needed to set some context for some aspects:
· Sub-band filtering at the transmitter may have an impact on the transmitter output power. Also it should be clarified how the filtering should be designed for multi-carrier BS operation.
· Sub-band filtering of receiver: The impact on the NF should be considered, and also which kinds of receivers it should be considered with. Also the complexity of filter design for a multi-carrier receiver.
· Digital and RF cancellation: Should clarify the proposed approach and complexity
Beam nulling: The impact to the far field performance and radiation patterns should be clarified; presumably if degrees of freedom at the TX/RX are used for beam nulling then there will be some impact to far-field performance.

	Samsung
	To facilitate the discussion here, it can be suggested that company can provide additional information on top of values in the table. 

	Qualcomm
	What is the objective of this proposal? To update the LS to RAN1? We have concerns regarding Subband filtering as it might impose huge complexity that can be alleviated with appropriate measures at different cancellation stages (e.g., spatial isolation, frequency isolation, beam nulling, and digital IC). 

	Nokia, Nokia Shanghai Bell
	For FR1 and FR2-1 self-interference cancellation refinement regarding digital IC, Qualcomm does not provide further information in R4-2215346, nor in its reference document that is said to show evidence. The Intel input R4-2116409 includes multiple references to papers with also digital IC techniques, but none of the referred papers are cancelling transmitter nonlinear products and noise at the receiver, they are only cancelling the fundamental transmit signal. Hence we don’t agree that there is any new evidence of digital IC for leakage across sub-bands. Therefore the digital IC for SBFD should be equal to 0.
Regarding Observation 1, we do not agree that sub-band filtering in the RF domain is feasible, due to large guard bands, increased size and cost aspects. The extra RF components (switches, for example as pictured in the document) would also add extra noise, which would degrade UL performance further. We do not agree to digital cancellation as per the above description. The same comment applies to Observation 2.

	ZTE
	To Ericsson and Qualcomm, Nokia,we think that sub-band analog filter is still one implementation way to complement with other mitigation scheme.  We cannot preclude it which is totally up to the implementation. 
Regarding the beam nulling,we don’t have strong opinions on that which was listed in the last meeting .

	Intel
	We also have issues for some of the items in this list.  
-Sub-band filtering may be difficult to implement for multi-carrier BS, and also for the typical use case described by RAN1 where switching between full DL, to SBFD, to full UL needs to occur on a per-slot basis.  
-Introducing a physical sub-band filter in the Tx may introduce further power losses that are costly to recover.  Introducing a physical sub-band filter in the Rx adds further noise to the chain.
-Beam nulling/isolation applies more to CLI cases in our view.  For self-interference, much of the coupling between Tx and Rx occurs in the nearfield and can’t be steered or selected by nulling.  Coupling through ground planes and to some extend power supply planes also frequently contributes a significant level of self-interference, and this again can’t be fixed with beam nulling.
To Nokia: Some of the Digital IC techniques described in our paper R4-2116409 actually build a non-linear estimation model of the PA and use this for cancelling of adjacent channels.  So this is evidence that digital IC can work for SBFD.



· Summary on 1st round discussion: 
· How to proceed with RSIC table’s more input data is raised by one company. 
· Based on the RSIC table, different views are collected on issues like, the feasibility of in-band filtering, digital IC, beam nulling. 
· Recommendations for 2nd round:
· It is suggested to discuss the following way forward for detailed values for RSIC analysis 
· In addition to below already listed parameters and resultant overall RSIC capability, including 
· Spatial isolation 
· Frequency isolation
· Beam nulling /isolation
· Digital IC 
· Overall RSIC capability:
· additional implementation details should be included in each companies’ analysis: 
·  SBFD configuration
· Guardband assumption
· Sub-band filtering assumption (if exist)
· Other details.
· FFS a template on detailed isolation contributions and other factors can be further drafted in 2nd round WF. 

Sub-topic 1-2: BS Aspects: Co-channel inter-subband gNB-gNB CLI model 
Sub-topic description:
[Moderator] Based on last RAN4 meeting’s discussion, WF on feasibility from RF perspective is approved (R4-2214377), with the following agreement on RF requirement impact for SBFD operation reached from gNB perspective: 
	From gNB perspective
Tentative Agreement: it’s suggested to confirm below proposals according to 1st round discussion 
· Proposal 1: If found feasible, SBFD operation requires new/enhanced implementation for gNB capable of SBFD and cannot be software upgraded to existing BS
· Proposal 2: No impact on requirement applied to existing gNB or gNB not capable of SBFD operation.
Agreement:
· Proposal 1 and proposal 2 agreed. 
· Open issues will be further discussed in RAN4 for feasibility and RF requirement impact


Furthermore, for the topic of co-channel inter-subband gNB-gNB CLI model, the following agreement are captured in the WF: 
	Topic 3: co-channel inter-subband gNB-gNB CLI modelling according to RAN1 LS
Agreement on 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

On feasibility and how to model inter-site gNB-gNB CLI modelling considering unwanted emission and receiver selectivity: 
Agreement: 
· 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 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. 



Open issues and candidate options before e-meeting:
Issue 1-2-1: Co-channel co-site inter-sector gNB-gNB CLI modelling
· Proposals on the availability of interference cancellation
· Option 1 (Huawei, ZTE): Digital IC can be applied for co-site inter-sector case. 
· Option 2 (CATT, Nokia): Interference cancellation between inter-sector gNBs is challenging, it can’t be assumed for the analysis.
· Proposals on targeted desense: 
· Proposal 1 (Samsung, R4-2216717): For co-channel co-site gNB-gNB case, it’s suggested to agree that 1dB-desenstitity criterion applied as starting point to align with SIC discussion.
· Proposals/Observations on the analysis: 
· Observation 1 (CATT): For co-site inter-sector intra-subband gNB-to-gNB interference, blocking issue should be analyzed. 
· Observation 2 (CATT): The target for the co-site inter-sector intra-subband BS interference should be discussed and decided first. The contribution from Tx power falling in overlapped spectrum and ACS contribution should be analyzed for different subband configurations.
· Observations on RSI and antenna isolation: 
· Observation 3 (Ericsson, R4-2216404): For FR1,
· For an LA BS, inter-sector isolation would cause major non-linearity issues and also phase noise reciprocal mixing and ADC overload. However, a sectorized deployment is anyhow not likely to LA.
· For a MR BS, with 60dB isolation the distortions from both the transmitter and receiver would be very substantial. Interference cancellation would need to achieve more than 70dB suppression, which is not viable.
· For WA BS, with 60dB isolation TX related inter-sector interference would be very high and the impact of the DL sub-band on the receiver would be to damage the LNA.
· Proposal 2 (Ericsson, R4-2216404): For system level analysis, assume a best-case cell isolation of 60dB for FR1, but analyse further as depending on beamforming and site, the best case may not be achievable.
· Observation 4 (Ericsson, R4-2216404): For FR2 (without considering radome), inter gNB isolation can vary between 20 dB to 60 dB with beamforming.
· Recommended WF
· Please provide comment on the above proposals.  
· Furthermore, 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, what is the antenna isolation then (with the achievable coupling loss). 
	Company
	Comments

	Huawei
	More studies are needed, basically our test show larger coupling loss for co-site inter-sector gNB-gNB case.

	Ericsson
	In our understanding, digital IC between sectors is not feasible due to the very high number of TX-RX combinations and scale of processing. Similar to self-interference, the achievable suppression should be estimated and used to understand the sensitivity degradation. We don’t see how a sensitivity degradation can be agreed before identifying the amount of isolation that is feasible.
Solutions in which the distance between sectors is increased or some kind of isolation structure is considered should take into account the impact on site issues (weight, weather proof, wind load, zoning requirements etc.).
For LA there is likely not any need to consider sectorized sites.

	Samsung
	For digital IC, we think the three sectors can be connected to one common DU, in which the digital IC between sectors can be performed, which is allowed in current NR architecture, and it is totally gNB vendor’s selection on whether or not to implement this digital IC between sectors. 
We share different view for the feasibility/complexity of digital IC from Ericsson: digital IC is related to the number of chains, rather than TX/RX antenna elements, and considering the co-site deployment, digital IC is feasible by considering the number of TxRUs could be much smaller than the number of antenna elements. 
For P1, for the proposed 1dB desene, we propose this as the criterion/target for co-site gNB-gNB SIC for this scenario, similar as SBFD SIC within a sector.
For antenna isolation, we need more discussion but are not fully convinced about the observations from Ericsson. For co-site inter-sector isolation, some advanced solutions should not be precluded. 

	Qualcomm
	We expect spatial isolation for co-site inter-sector gNB case to be higher than 60 dB. For co-site inter-sector inter-gNB CLI, self-interference mitigation capability should be assumed for CLI mitigation in order to ensure successful reception of the UL signals at the victim gNB. As a result, gNB needs to employ enough CLI mitigation techniques to ensure successful reception of its UL signal. Such mitigation capability is similar to the self-interference capability. One possible solution is to improve the spatial isolation by adding the EM absorber on the sides of each sector antenna panel and additionally in between the sectors (if needed). This structure could bring at least similar spatial isolation as the case of self-interference.  
In addition, digital interference cancelation of the CLI could provide additional isolation for the reception of the UL signal. However, the feasibility of digital IC for co-site inter-sector gNB-gNB CLI needs further investigation. 

	Nokia, Nokia Shanghai Bell
	We support Option 2 regarding digital interference cancelling.
For Proposal 1, we would note that if the residual inter-sector interference is 1 dB, and the residual self-interference is 1 dB, the combined effect is 1.8 dB. There is additional interference from inter-site CLI, and adjacent channel. Any potential gains in uplink performance would surely be negated with these kind of values.
The Observations are relevant, and highlight that the issues are challenging from RF perspective.

	ZTE
	Regarding the digital IC, we share similar view as Samsung, however we could also understand its complexity on the wide area BS due to the massive transceiver chains.
For the coupling loss, we could provide more input later .

	Intel
	Option 2: For the gNB-gNB CLI case we feel digital IC is more challenging than for the SIC case due to the latency issues and practicality of sharing the DL signal between co-site gNB to gNB
For Proposal 1, we disagree.  Similar to Nokia’s point, again we feel that 1dB is too large and should instead be a ~0.4dB because we need to add the desense power from SIC and co-site CLI and inter-site CLI together.  The combination of SIC and all CLI should only raise the noise by 1dB total.

	China Telecom
	Proposals on the availability of interference cancellation: Agree with option 1.
Proposals on targeted desense: Proposal 1 is OK to us.



· Summary on 1st round discussion: 
· On availability of interference cancellation: no consensus reached
· Targeted 1dB desens: 
· Proposal 1 is not okay by Nokia and Intel. 
· RSI and antenna isolation: 
· Different understanding on RSI and the major factor (antenna isolation for co-site inter-sector case).  
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be continued in 2nd round, based on open issues listed above. 

Issue 1-2-2: Co-channel inter-site gNB-gNB CLI modelling
· Proposals
· Option 1 (Huawei): The following parameters are proposed for the BS capable of SBFD operation.
· TX leakage candidate: 45 dB
· Receiver impairment candidate: 62 dB
· Option 2: As agreed in last meeting 
· TX leakage candidate: gNB ACLR
· Receiver impairment candidate: gNB ACS
· Relevant observations: 
· Observation 1 (CATT): ACLR and ACS performance assumptions imply that Tx sub-band digital filter and Rx sub-band digital filter are needed.
· Observation 2 (Nokia): gNB-gNB inter-subband inter-site interference is the dominant interference source, if the co-site isolation (self-interference, inter-sector, and adjacent channel) are managed.
· Proposal 1 (Nokia): RAN4 to study the magnitude of gNB-gNB co-channel inter-subband inter-site interference in detail, in order to avoid receiver blocking (e.g. LNA overload) and excess desensitization after signal combining.
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Huawei
	For the BS capable of SBFD operation, receiver selectivity can be improved based on existing hardware capability, as discussed in our paper R4-2216239.

	Ericsson
	Regarding option 1; for the RX part, it is based on an IIP3 performance of around 20dB better than a BS just compliant to RAN4 requirements (based on our understanding that RX IM is the dimensioning requirement for IIP3). The TX requirement from an SBFD BS could be improved if a more linear PA or more DPD suppression is achievable. 
We can consider what is achieved by a BS just conforming to the 3GPP requirements can achieve, but we can in addition consider what would be achieved by an improved BS (taking into account performance / complexity tradeoff).
If a BS has improved TX/RX performance, then it is reasonable to assume that it would be less susceptible to interference from other sectors too.
Option 2 could be taken as a baseline, but values for improved TX/RX can also be considered as in option 1 (FFS specific values; the Huawei assumption is OK if it is captured that it assumes a 20dB higher IIP3 than a BS just complying to 3GPP requirements. Rather than expressing it as “62dB” though it should be expressed as a slope, since the interference increases/decreases with the cube of input power).

	Qualcomm
	For BS capable of SBFD, Rx selectivity improvement might be required. We tend to support option 2 and further discuss the ACS improvement after progressing the adjacent coexistence studies. 

	Nokia, Nokia Shanghai Bell
	We think Option 2 is more appropriate, because the receiver impairments due to self-interference and co-site co-channel may have different mitigation solutions than inter-site. For inter-site, obviously Proposal 1 is relevant.

	ZTE
	We also support the option 2 for receiver side as baseline.

	Intel
	Prefer Option 2 for further study, although similar to Option 1
Observation 1: Agree that sub-band digital filtering will be needed to remove the DL portion of the CLI that arrives through the wide Rx front-end.  Not sure if this should be categorized as co-channel or maybe better as adjacent channel.
Agree with Proposal 1, we need to study the inter-site interference in detail.



· Summary on 1st round discussion: 
· Option 1 and 2 differ in the achievable receiver impairment candidate. 
· Option 2 received more supports to be used as baseline: 
· Recommendations for 2nd round:
· Based on WF from RAN4#104-e, moderator suggest to discuss the following refined WF in the 2nd round: 
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 candidate baseline: gNB ACLR
· Receiver impairment candidate baseline: gNB ACS
· RAN4 will further study the possibility of improved performance/requirements compared to existing referred requirements list above receiver impairment performance compared to the baseline, i.e., gNB ACS.


Sub-topic 1-3: BS Aspects: Adjacent-channel gNB-gNB CLI model 
Sub-topic description:
[Moderator] Based on last RAN4 meeting’s discussion, for the topic of adjacent-channel gNB-gNB CLI model, the following agreement are captured in the WF: 
	1 Topic 5: adjacent-channel gNB-gNB CLI model according to RAN1 LS
Agreement on feasibility and how to model co-site gNB-gNB CLI modelling:
· Proposal : as no path loss model applicable this modelling could be different compared with inter-site gNB-gNB CLI modelling with below alternatives:
· Alternative 1: ACLR and ACS based with potential other solution from SBFD capable gNB to cancel co-cite 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
· Note: RAN4 will further study the possibility of improved performance/requirements compared to existing referred requirements list above.
· 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
Agreement on feasibility and how to model inter-site gNB-gNB CLI modelling considering unwanted emission and receiver selectivity:
·  Proposal: to agree with gNB ACLR based model on TX and gNB ACS requirements based model on RX
· Path loss should be addressed due to distance between gNBs.
· FFS on separate calculation from ACLR and ACS perspective to address potential different antenna gain for wanted signal and unwanted signal (e.g.different antenna modelling for wanted signal and unwanted signal). 
· Note: RAN4 will further study the possibility of improved performance/requirements compared to existing referred requirements list above.



Open issues and candidate options before e-meeting:
Issue 1-3-1: Adjacent-channel co-site inter-sector gNB-gNB CLI modelling
· Proposals provided based on two alternatives provided in last meeting’s WF: 
· Alternative 1: ACLR and ACS based with potential other solution from SBFD capable gNB to cancel co-cite adjacent channel interference (i.e. ACLR from the SBFD gNB towards the victim or ACS impact from the aggressor towards the SBFD 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  
· Relevant proposals/observations are provided: 
· Qualcomm (R4-2215346): 
· Proposal 1: For co-located gNBs, the current RAN4 30 dB isolation is not sufficient to address the inter-gNB CLI. For current ACLR and ACS RAN4 requirements, inter-gNB isolation in the ballpark of 80 dB is required for feasible SBFD deployments.  
· Proposal 2: For co-site inter-sector inter-gNB adjacent channel CLI, similar modelling as for self-interference (RSI) should be considered.
· Samsung (R4-2216717): 
· Proposal 3: For adjacent-channel co-site gNB-gNB case, if both gNBs are with SBFD capability, it’s suggested to agree that 1dB-desenstitity criterion applied as starting point to align with SIC discussion.
· Nokia (R4-2216202): 
· Proposal 4: RAN4 to address how to manage co-sited deployments of adjacent channel operators in SBFD operation in the study item phase.
· Proposal 5: RAN4 to study co-location of adjacent 3-operator scenario in particular from base station LNA third order intercept perspective.
· Recommended WF
· Please provide comment on the above proposals.  
· Similar as co-channel counterpart, 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, what is the antenna isolation then (with the achievable coupling loss). 
· Furthermore, companies’ view can be provided on the clarification on the value discussed here:
· Whether the co-site inter-sector gNB-gNB CLI discussed here is for the sum contributions from all co-site gNBs or just one of the co-site gNB. 
	Company
	Comments

	Huawei 
	More studies are needed

	Ericsson
	Clearly more than 30dB isolation is needed. We should aim to analyze and justify what level of isolation can be achieved based on analyzing site considerations. Based on the achievable isolation, we could calculate the amount of desensitization.
For FR1 inter-sector, we estimate 60dB best case isolation. For inter-operator co-site, it will not be any lower, but will likely be more. We will aim to bring further simulation and analysis for the inter-operator case.

	CMCC
	We prefer to align the interference criteria for all following three scenarios: self-interference scenario, co-site co-channel inter-subband and co-site adjacent channel scenarios.

	Samsung
	Compared to co-channel inter-sector case, we see no reason to assume smaller isolation, similar comment as Ericsson, but need more study on the specific value for isolation for both FR1 and FR2. We would like to clarify whether or not this isolation (e.g., Ericsson’s proposed 60dB for FR1) include MCL for gNB-gNB propagation loss. 
For our proposal 3, our intention is firstly prioritize Alt. 2 over Alt. 1. Furthermore, for adjacent-channel co-site gNB-gNB case, if both gNBs are with SBFD capability, it’s suggested to agree that 1dB-desenstitity criterion applied as starting point to align with SIC discussion.

	Qualcomm
	As we have proposed, the current 30 dB isolation requirement is not enough, and further enhancements are required to provide a higher number. Our preliminary analysis showed inter-gNB isolation in the ballpark of 80 dB is required for feasible SBFD deployments.

	Nokia, Nokia Shanghai Bell
	We support Proposal 1. But it is not clear if 80 dB can be achieved.
Regarding Proposal 3, we think if all sources of interference are at the same level (1 dB degradation), then the total interference surely degrades any SBFD uplink performance gains.
Proposals 4 and 5 to be agreed.

	ZTE
	In general, we need more studies especially on the coupling loss 

	Vivo
	It is better to clarify RAN4 shall focus on co-site gNB are SBFD gNB or not in order to better evaluate the performance. 

	Intel
	Agree with the moderators recommended WF



· Summary on 1st round discussion: 
· More discussion and clarifications is needed on the coupling loss.
· Recommendations for 2nd round:
· The following WF is suggested to be further discussed in 2nd round: 
· Companies are 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, what is the antenna isolation then (with the achievable coupling loss). 
· Clarification on whether the co-site inter-sector gNB-gNB CLI proposed is for the sum contributions from all co-site gNBs or just one of the co-site gNB. 

Issue 1-3-2: Adjacent channel inter-site gNB-gNB CLI modelling
· Observation from Nokia (R4-2216202): 
· Observation 1: gNB adjacent channel inter-site interference could be even worse than co-channel inter-site, due to site distance being closer.
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Huawei 
	More studies are needed

	Ericsson
	The impact of inter-site gNB-gNB CLI on gain should be investigated by RAN1 as part of their evaluation of gains. For throughput degradation / co-existence, it will be seen in the RAN4 simulations.

	CMCC
	Rely on simulation results.

	Samsung
	Need clarification from proponent on this observation. Why the site distance can be closer? We can’t understand this based on proponent’s Tdoc. 

	Qualcomm
	Propose to wait for the progression in the adjacent channel coexistence work to further investigate the impact in the adjacent channel operation. 

	Nokia, Nokia Shanghai Bell
	Due to Observation 1, this aspect should be closely studied in RAN4.

	ZTE
	This has already been depriortized in the coexistence study and this could be discussed in thread 311.

	
	



· Summary on 1st round discussion: 
· Companies suggest to deprioritize this Issue 1-3-2, due to in-parallel discussion in email thread [311].
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be closed in 2nd round. 

Sub-topic 1-4: Other considerations for feasibility study
Sub-topic description:
[Moderator] Other consideration which is not yet fully considered in the current feasibility study are provided. 

Open issues and candidate options before e-meeting:
Issue 1-4-1: BS self-interference related to timing and SCS
· [Moderator] The issue related to timing and SCS is proposed in this meeting.  
· Proposals/Observations from CATT (R4-2215384): 
· Observation 1: TA_offset impacts the BS self-interference level after the OFDM FFT calculation.
· Observation 2: The TA_offset impact to BS Rx should be aware by RAN4 and studied by RAN1 (and RAN4).
· Observation 3: When D and U use different SCS, Tx to Rx interference can be seen after Rx FFT.
· Observation 4: The timing for aggressor UE and victim UE may not be aligned. The similar problems with BS, such as TA_offset, non-alignment of OFDM symbols, different SCS problems from FFT calculation can be seen from UE side.
· Observation 5: The timing and SCS issues also exist for adjacent channel UE-UE interference.
· Proposal 1: Send LS to RAN1 to highlight the possible SNR impact from timing and SCS relationship of D and U for both BS and UE.
· Proposal 2: RAN4 continues to do the feasibility study from spectrum perspective before the timing and SCS issues are decided by RAN1.
· Recommended WF
· Please provide constructive comments on the above proposals.  
	Company
	Comments

	Ericsson
	The issue has already been raised in RAN1 and we do not see any need to send an LS to RAN1. RAN1 needs to investigate the issue with a proper model of TX and RX impairments in order to check the magnitude of the issue in a real implementation, but that is for them to decide or request.

	CATT
	Thanks for the clarification from Ericsson. We would like to hear other companies’ view. We agree that this should be discussed by RAN1, but both groups should be aware that RAN4 only analyze the interference issue from spectrum energy perspective. We should clarify this when any further LS is sent.

	Samsung
	For P1, we think RAN1 already investigate the timing issue, so with or without the LS, we assume there could be limited impact to RAN1’s work? 

	MediaTek
	In our document we show that the UE-UE timing offsets impact the UE receiver performance at FFT, so it is clearly relevant from a UE receiver modelling perspective. Fine to highlight to RAN1 that we did NOT model it, but then this affects the co-channel modelling components – see later comments in 2-1.

	Qualcomm
	As others have mentioned, RAN1 is looking into timing aspects and we do not believe that this should be prioritized in RAN4 currently, given the other open items to be first addressed. 

	Nokia, Nokia Shanghai Bell
	We generally agree with the observations above. Non-alignment between UL and DL OFDM symbol boundary in SBFD slots/symbols impacts the BS self-interference. We also agree that potential solutions/enhancements should be studied in RAN1. We do not think that different SCS in UL and DL within a SBFD symbol/slot is a scenario that should be prioritized in the study item. We agree that the non-alignment of OFDM symbols is also an issue at the UE, but in this case the problem is the same/similar as with unsynchronized TDD (i.e. already known in RAN1). We therefore support above proposals, with the exception that LS to RAN1 should focus on highlighting the impact at BS. 

	LGE
	As others have mentioned, RAN1 is looking into timing aspects and we do not believe that this should be prioritized in RAN4 currently, given the other open items to be first addressed.

	ZTE
	We are fine to leave this up to RAN1 further discussion.

	vivo
	Leave the study to RAN1

	Intel
	RAN1 is mostly treating these issues. 



· Summary on 1st round discussion: 
· Whether or not the clarification on timing and SCS issue to RAN1 is discussed: 
· Majority view is no necessity to clarification to RAN1, if no request from RAN1. 
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be closed in 2nd round. 


Issue 1-4-2: TX model with PA, DPD and CRF
· Proposals/Observations from Ericsson (R4-2216404): 
· Observation 1: To properly model the TX interference signal to be supressed or cancelled from a BS, at least the CFR process and PA+DPD combination need to be modelled realistically.
· Proposal 1: Adopt the PA models in annex A for FR1 when considering TX interference suppression or cancellation.
· Proposal 2: Adopt the transmitter model containing net PA+DPD and CFR+channel filtering for evaluation of TX interference suppression or cancellation
· Recommended WF
· Please provide constructive comments on the above proposals.  
	Company
	Comments

	Huawei
	Companies’ implementations are diverse and we feel that it might be difficult to align the simulation/models.

	Ericsson
	We would like to see more description of what has been cancelled and how it was modelled for evaluating the potential of interference cancellation. The cancellation needs to be able to handle the output of a real BS transmitter.

	Samsung
	DPD and CRF implementation is totally gNB implementation based, so we are not quite sure how one model can be representative to all kinds of implementations. 
Another issue is: for the implementation with TX interference suppression (by DPD), it should not be precluded to further use IC, since they are not conflicting to each other. We can’t say PA+DPD and CFR + channel filtering can be used directly to evaluate the implementation with IC. 

	Qualcomm
	Those aspects are implementation dependent, and we are not sure companies will disclose models based on their implementations. Proponents of PA, DPD and CFR modeling could propose models, but we are doubtful that RAN4 would converge on this. Also, the complexity in the SLS might be unmanageable with the introduction of such models at each gNB. 

	ZTE
	We tend to agree with Samsung view.

	vivo
	It is nice to see more analysis based on more implementation in SI phase, but requirement shall be implementation agnostic. 



· Summary on 1st round discussion: 
· Different views on: 
· Representative PA + DPD model is possible to be provided. 
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be continued in 2nd round, by considering the above different views.
· Suggestions are welcomed for how to proceed on this issue.  


Issue 1-4-3: Complexity of interference cancellation
· Proposals/Observations from Ericsson (R4-2216404): 
· Observation 1: Interference cancellation complexity can scale exponentially with the number of transmitters and receivers.
· Observation 2: For wide area BS, the complexity of basic interference cancellation is prohibitive.
· Proposal 1: Proposals for interference cancellation should be accompanied by estimates of complexity.
· Recommended WF
· Please provide constructive comments on the above proposals.  
	Company
	Comments

	CMCC
	Complexity estimates are welcome.

	Samsung
	Complexity is hard to be judged numerically, and the judgement for feasibility can be made by individual company. 

	Qualcomm
	Agree with Samsung. Companies should provide numbers based on their implementation and preferences. 

	Nokia, Nokia Shanghai Bell
	Observations and Proposal 1 can be supported.

	Intel
	For Obs 1, we disagree with the term “exponential” growth of complexity.  There is certainly a growing number of leakage paths with larger number of Tx and Rx, yet there are also pruning algorithms which reduce complexity to the largest contributors.  We would like to see more study, but prefer to assume this interference cancellation complexity does grow with larger number Tx and Rx.



· Summary on 1st round discussion: 
· Different views on: 
· Whether/how the complexity analysis can be conducted, by considering companies’ particular implementation and preference.
· Whether the complexity is growing with the number TX and RX antennas.   
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be continued in 2nd round, by considering the above different views.
· Suggestions are welcomed for how to proceed on this issue.  

Issue 1-4-4: Receiver phase noise reciprocal mixing
· Proposals on receiver phase noise reciprocal mixing: 
· Observation 1 (Huawei, R4-2216239): The impact due to reciprocal mixing is negligible when the blocking level is -43 dBm.
· Proposal 1 (Ericsson, R4-2216404): Phase noise reciprocal mixing should be examined further, in particular for 40dBm power
· Recommended WF
· Please provide constructive comments on the above proposals.  
	Company
	Comments

	Huawei
	Clarification: Observation 1 is for FR1 and proposal 1 is for FR2. In our paper we did evaluation on FR1. The study on FR2 may be provided in future meeting.

	Ericsson
	We assume that the Huawei observation relates to FR1, since it mentions the -43dBm FR1 blocking level. We agree that in FR1, if the RX signal level is -43dBm then reciprocal phase noise mixing will not cause any interference. One thing though is that for a WA BS, the RX signal level could be up to 20-25dB greater than -43dBm. In this case, phase noise reciprocal mixing may start to have an impact and some measures will be needed to reduce it. So some more study may be needed for WA FR1 BS
The mention of 40dBm in our comment refers to FR2. For an FR2 BS with 40dBm output power, the interference due to reciprocal mixing of phase noise is very strong. For an FR2 BS with 30dBm output power, there may still be some impact from phase noise, although it can be mitigated to some extent (down to around 1.5dB desensitization) by using good quality components. Further analysis could check further the potential for reducing the impact of PN residual mixing for FR2.

	Qualcomm
	For FR2, further isolation techniques could be incorporated to limit the desensitization impact due to reciprocal mixing. This requires further studies. 

	Nokia, Nokia Shanghai Bell
	Proposal 1 can be agreed.

	ZTE
	We are fine with proposal 1 for FR1 and further study for FR2

	Intel
	Agree with Proposal 1

	
	



· Summary on 1st round discussion: 
· Aligned view on Observation 1 for FR1 and Proposal 1 for FR2.   
· Recommendations for 2nd round:
· The following agreement can be directly captured in WF: 
· Receiver phase noise reciprocal mixing: 
· For FR1, the impact due to phase noise reciprocal mixing is negligible when the blocking level is -43 dBm.
· For FR2, phase noise reciprocal mixing should be examined further, in particular for FR2 BS with 40dBm output power
· The discussion on this issue is suggested to be closed in 2nd round.


Issue 1-4-5: Other general evaluation aspects
· Proposals from Nokia (R4-2216200): 
· Proposal 1: As the next step, RAN4 should do a proper assessment of the feasibility of SBFD RF requirements, taking at least the following aspects into consideration: 
· Feasibility of the different interference cancellation techniques, with special focus on their applicability to massive-MIMO high-power macro base stations.
· Additional receiver aspects such as receiver linearity, receiver blocking (LNA overload), etc.
· Indirect system performance degradation due to e.g. one or more of: lower BS antenna beamforming gain, lower number of transmit/receive chains, reduction in the number of MIMO layers, etc.
· Cost, size and power consumption aspects of SBFD RF transceivers.
· Site deployment constraints, e.g. due to high clutter in the vicinity.
· Proposal 2: Sufficiently large gain under realistic assumptions should be observed from SBFD as compared to fixed and dynamic TDD to justify the additional hardware complexity required for SBFD. 
· Proposal 3: It is necessary to do evaluations with realistic scenarios and parameters to avoid misleading conclusions and potentially in-field issues.
· Proposals from Ericsson (R4-2216406): 
· Proposal 4: Frameworks and model for TX and RX processes to be agreed in order to properly assess interference suppression and cancellation gains
· Proposal 5: Sources of energy gain and loss to be documented in a qualitative manner
· Proposal 6: Impacts to site logistics of any increases in gNB size to be documented in a qualitative manner.
· Proposal 7: Schemes to mitigate inter-sector interference should describe impact to site aspects such as deployment complexity, wind load, zoning, isolating material weather durability etc.
· Proposal 8: Impacts of multi-carrier and multi-band operation on SBFD and vice-versa to be studied
· Proposal 9: Antenna isolation, interference suppression etc. needs to be achievable across the whole 3GPP band in general
· Recommended WF
· Please provide comment on the above proposal.  
	Company
	Comments

	Samsung
	For power consumption, based on RAN-P guidance, it shall not be discussed until SID is updated with the clear objective for power consumption if any, which shall only be discussed on Dec. RAN-P. 
For the evaluation of performance enhancement (in terms of UL capacity, latency reduction) and performance impact (in terms of throughput loss due to interference), the evaluation metrics are clear. However, for other dimensions, like energy gain, complexity, various practical factors like wind load, deployment complexity, etc, we see it could be very difficult to be evaluated numerically with common understanding on the relevant metrics. 

	Qualcomm
	We would like to keep the feasibility currently on the agreed metrics in RAN4#104-e meeting, that is, 5% TP loss and SINR degradation. Other factors might be discussed later but it is not clear how RAN4 would study them with a reasonable effort. 

	Nokia, Nokia Shanghai Bell
	Proposals 1-3 to be agreed.
Proposal 5 could be assessed in quantitative manner.
Proposals 6-8 can be agreed.
Proposal 9 it is not clear if the whole band needs to be supported. Some base station implementations only support a part of a band.

	LGE
	We recognize the challenges described in above, but also think that we should follow the RAN guidance and focus on areas agreed in SID and earlier RAN4 meetings.

	ZTE
	We have similar concerns as Qualcomm, for other factors as mentioned, it’s quite difficult to evaluate numerically.



· Summary on 1st round discussion: 
· Various aspects (including new metrics) are discussed to be evaluated or not.   
· Recommendations for 2nd round:
· Suggest to combine with Issue 1-1-8, in which we expect a more detailed evaluation template for RSIC will be derived, where more detailed assumptions can be encouraged to be disclosed: 
· The discussion on this issue is suggested to be closed in 2nd round.

Sub-topic 1-5: BS Aspects: RF requirement impact
Sub-topic description:
[Moderator] In this meeting, BS RF requirement impact has been proposed to be analyzed, which is also tasked by WID for RAN4. 
Open issues and candidate options before e-meeting:
Issue 1-5-1: Potentially impacted RF requirement for SBFD capable gNB
· Proposals from Samsung (R4-2216717):  
· Proposal 1: Further discussion is suggested to discuss further on necessity of new RF requirement for SBFD operation with candidates as below:
· In-channel adjacent subblock leakage ratio (new)
· In-channel adjacent subblock Blocking (new)
· Receiver intermodulation (FFS)
· Transmitter intermodulation (for FR2 only)
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Huawei
	Rx sensitivity at SBFD operation may need to be defined. 
And for transmitter IMD, there is no FR2 requirements in existing spec, what’s difference for this case?

	Ericsson
	The most important RF requirement would be one on OTA RX sensitivity with the transmitter activated and transmitting using an appropriate test model. This would directly ensure that the gNB is achieving the self-interference suppression.
Further requirements could involve OTA co-location requirements that ensure that the gNB provides sufficient performance towards other sectors or co-located operators.
The requirements mentioned by Samsung could also be good proposals for ensuring that the gNB is robust to inter-site interference sources.

	CMCC
	Share the same view as other companies. REFSENSE is also one of the most important requirements that needs to be considered.

	CATT
	Agree that self-interference for different SB configuration is needed. For other requirements at least SB ACLR, SB ACS (with several interference level to cover the blocking case in adjacent channel?), guard band are needed. For intermodulation, we need more thinking. And agree some OTA requirement may be needed if some improved antenna isolation technology is assumed in the feasibility analysis.

	Samsung
	To Huawei’s comment, for FR1 RX sensitivity, we agree Huawei’s comment that SBFD specific requirement can be discussed further. For FR2 RX sensitivity, since current requirement is a range based on declaration, so XdB (e.g., 1dB) desense can be incorporated in the current range. New declaration can be further discussed in the performance in the WI phase (if any).
To Huawei’s comment on transmitter intermodulation (for FR2 only), we are not quite sure the new scenario (with SBFD) will have inter-modulation problem, so we listed here as potential impacted clause. 

	Qualcomm
	Support the proposals as it will also impacts the ongoing adjacent coexistence analysis, especially when SBFD is studied as a victim network. Generally, SB ACLR and ACS need to be defined as well as the GB definitions. OTA REFSENS is definitely important to consider. 

	Nokia, Nokia Shanghai Bell
	We think it is too early to discuss new RF requirements, as the SBFD feasibility is not concluded yet.

	ZTE
	Rx REFSENS need to be further defined for SFBD BS and other Rx requirement could be also impacted due to REFSENS since wanted signal is usually REFSENS+6dB; 
For FR2 Transmitter intermodulation, not sure why this should be considered. More study needed

	Intel
	We see most of these items as FFS.  Yet it may already becoming clear that Rx intermodulation specs will need to be improved.



· Summary on 1st round discussion: 
· For Refsens, several companies proposed to further study FR1 Refsens.   
· Recommendations for 2nd round:
· Suggest to continue the discuss on the following suggested WF: 
· Further discussion is suggested to on 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 REFSENS (FFS)
· Receiver intermodulation (FFS)
· Transmitter intermodulation (for FR2 only)

Issue 1-5-2: Existing requirement without impact for SBFD capable gNB
· Proposals from Samsung (R4-2216717):  
· Proposal 1: It’s suggested to agree 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 
Reference sensitivity level
Dynamic range
	Radiated transmit power
OTA base station output power 
OTA output power dynamics
OTA transmitted signal quality
OTA occupied bandwidth
OTA sensitivity 
OTA reference sensitivity level
OTA dynamic range


· Proposal 2: It’s suggested to agree that receiver out-of-band blocking and receiver spurious emission requirement in TS38.104 are still applicable gNB capable of SBFD.
· Proposal 3: With new requirement for SBFD operation (to be discussed in the previous issue), it’s suggested to agree that below requirements 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


· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	CATT
	This may be reviewed one by one. For example, for DUD configuration, how to define and test the output power may need some discussion.

	Samsung 
	As proponent of P1 to P3, we of course support these proposals. Comments are welcomed. 
To CATT: thanks for the comment, and the initial proposal here is indeed to trigger more discussion on RF requirement impact, and of course more review/analysis one by one is highly welcomed. 

	Qualcomm
	We agree with proposed list. Additional input might be followed in future meetings. 

	Nokia, Nokia Shanghai Bell
	We agree with the proposals, but it is too early to start discussing any values RF requirements for SBFD capable gNBs. 

	ZTE
	We prefer to postpone the discussion to end of SI phase since this will be input of WI. At least we don’t see its urgency at the current stage.



· Summary on 1st round discussion: 
· Some companies prefer more discussion on proposal 1-3, while others are fine with the proposals.   
· Recommendations for 2nd round:
· Suggest to continue the discuss on the following suggested WF: 
· FFS to agree 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 
Reference sensitivity level
Dynamic range
	Radiated transmit power
OTA base station output power 
OTA output power dynamics
OTA transmitted signal quality
OTA occupied bandwidth
OTA sensitivity 
OTA reference sensitivity level
OTA dynamic range


· FFS to agree 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 to agree that below requirements 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 1-5-3: RF requirement for SBFD capable gNB based on coexistence study
· Proposals from Samsung (R4-2216717):  
· Observation 1: ACLR and ACS are pending on RAN4 adjacent channel co-existence study.
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	CMCC
	Observation 1 is OK for us.

	Samsung
	O1 should be a straightforward understanding, but we would like to make sure every company has the same understanding. 

	Qualcomm
	Agree with the raised observation. 

	Nokia, Nokia Shanghai Bell
	We think it is not realistic to modify the ACLR or ACS minimum requirements at this stage. If the RAN4 adjacent channel study indicates severe tightening of these minimum values, then it may be concluded that the feature cannot be deployed in a multi-operator environment.

	LGE
	We agree with the observation 1.

	ZTE
	Okay with the observation.



· Summary on 1st round discussion: 
· Observation 1 is discussed, 
· One company raise concerns for O1 is not applicable to legacy gNB
· Other companies (which agree with O1) could have the common understanding that ACLR/ACS discussion is just for gNB capable of SBFD 
· Recommendations for 2nd round:
· Suggest to continue the discuss on the following suggested WF with clarification:
·  For gNB capable of SBFD: 
· ACLR and ACS are pending on RAN4 adjacent channel co-existence study

Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:



[Moderator] 1st round summary is provided after each issue. 

CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”


N/A.

Discussion on 2nd round (if applicable)

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

	R4-2215485
	CMCC
	Observation 1: if no ICS requirement is sent to RAN1, interference is very severe and all Tx power from aggressor will fall into Rx side without selectivity and RAN1 even don’t need to model IBE interference which is negligible.
Observation 2: if there is no ICS requirement, it seems it’s scarcely possible to configure aggressor UE and victim UE in the same cell if victim UE only allow 1dB REFSENSE degradation like gNB.
Observation 3: above two options are listed to avoid UE-UE inter-sub band interference based on the assumption that legacy UE could also work in SBFD network.
Proposal 1: it’s suggested to provide an typical co-channel Rx modelling to RAN1 other than assuming 0dBi ICS.

	R4-2216135
	vivo
	Proposal 1: To discuss whether a subband can be configured as UE CHBW from UE’s perspective.
Proposal 2. To consider the following as Tx/Rx model for co-channel inter-subband interference modelling.
	Configuration
	UE Tx Model
	UE Rx Model

	Case 1: UE CHBW is equal to BS CHBW, the subband is within UE CHBW
	IBE
	Maximum input level

	Case 2: UE CHBW is less than BS CHBW, the subband is equal to UE CHBW
	ACLR
	ACS




	R4-2216203
	Nokia, Nokia Shanghai Bell
	Observation 1: In case no degradation of UE performance is desired for SBFD use cases, the physical separation (> 200 m) or coupling loss (>90 dB) between aggressor UE and victim UE need to be very large. 
Observation 2: If worst case UE ACLR performance is considered, ACLR contribution to the in-band noise at the receive input seem to be the strongest contribution compared with IMD3 contributions. 
Observation 3: In case the IMD3 performance is just good enough to meet intermodulation performance and the ACLR performance is much better than specified may the IMD3 contributions be strongest.

	R4-2216405
	Ericsson
	Proposal 1: For FR1 UE DL emissions, consider two assumptions for the ratio of UE TX power to the total emissions in both DL sub bands of (i) 17dB and (ii) 31dB.
Proposal 2: For FR2 UE DL emissions, assume the ratio of UE TX power to the total emissions in both DL sub bands to be 17dB.
Proposal 3	: For FR1, assume 31dB ACLR for adjacent channel interference.
Proposal 4: For FR2, assume 17dB ACLR for adjacent channel interference.
Proposal 5: RAN4 to discuss whether UE in-channel selectivity would be as large as the ACS.
Proposal 6: For FR1 in-channel selectivity, assume maximum input level -25dBm and ICS [33]dB, subject to discussion on ICS in proposal 5.
Proposal 7	: For FR2 in-channel selectivity, assume maximum input level -25dBm and ICS [23]dB, subject to discussion on ICS in proposal 5.
Proposal 8: For FR1 ACS assume 33dB.
Proposal 9: For FR2 ACS assume 23dB.

	R4-2216718
	Samsung
	Proposal 1: For co-channel inter-subband UE-UE CLI modelling, it’s suggested to agree maximum input level as one checking point for receiver saturation of victim UE. 
Proposal 2: For co-channel inter-subband UE-UE CLI modelling, it’s suggested to apply below simplified model based on existing RF requirement as starting point.  
·  for FR1
·  for FR2

For adjacent channel UE-UE CLI model, we have below proposal.
Proposal 3: To align with legacy CLI study, no receiver check point needed for adjacent channel UE-UE CLI model. 

	R4-2216794
	Qualcomm
	RAN4 to consider these options for FR1:
Option 1: Use IBE-based model for both FR1 and FR2.
Option 2: Model A: Use an ACLR1-type model that is applicable over all aggressor power levels. This model would be a suitable candidate if the aggressor UE power is generally not very low. This is the most basic and simple model.
Option 3: Model B: Use an ACLR1-type model that is applicable over all aggressor power levels. In additional apply a -50 dBm floor to the interference to reflect the limit in 38.101-1. This is Option 2 with a floor value.
Option 4: Model C: Use an ACLR1-type interference model that improves 1 dB per dB of power reduction from maximum, with at most 8 dB of ACLR improvement. In additional apply a -50 dBm floor to the interference to reflect the limit in 38.101-1. This is Option 3 with power dependent ACLR1-type interference.

For FR2:
Proposal: FR2 should adopt the same method as FR1 however if an ACLR1-type model is selected then 
•	OBW should define the full power value for FR2
•	If there is an interference floor it should be taken from 38.101-2 6.5.2.3.

RAN4 to discuss whether to exclude ACLR2 modelling:
Proposal: Omit ACLR2 from the modelling as it is less significant than ACLR1, however if a majority of companies anticipate ACLR2 to provide useful information we can discuss why that is during the meeting.

UE receiver modelling approximation for SBFD study:
Proposal: RAN4 to consider and discuss the blocking receiver model as shown in the figure.

	R4-2216836
(in AI 6.17.2)
	MediaTek (Chengdu) Inc.
	1. UE-UE CLI co-channel modelling
Consideration of UE ACLR and UE ACS requirements
Observation 1: Direct application of UE ACLR/ACS requirements are not suitable for co-channel modelling of legacy UE impacts without adding additional system impacts/constraints that would need to be included in any performance modelling, such as defining one cell per sub-band.
Proposal 1: Do not directly use UE ACLR/ACS requirements to model the UE-UE CLI in the co-channel case.

Rejection at FFT of UL sub-band interference at the UE receiver
Observation 2: For co-channel interference rejection at FFT, the level of Rx interference is observed to be larger than the IBE mask in the first adjacent RB to a 24 RB UL signal with typical timing offset, and on average over an equivalent 1st adjacent DL sub-band of 24 RBs is observed to be 30dB lower than the UL Tx signal with 1 RB guard band. 
Proposal 2: Consider imperfections in co-channel interference rejection at FFT as part of Rx modelling

Consideration of AGC and UE Rx gain
Observation 3: Apart from maximum Input Level, there are no direct requirements for AGC behaviour defined in 3GPP. Therefore, any AGC modelling assumptions agreed as part of 3GPP work would need to be sufficiently generic and clearly stated as an indicative example.
Proposal 3: Feedback is invited to understand more details on the proposed model in R4-2211562 [4]. 

2. UE-UE CLI adjacent channel modelling
Proposal 4: Consider a 2-step ACLR model for adjacent channel interference modelling. Further discuss the step sizes.


	R4-2215619
(In AI 6.17.2.1, but related to this email thread)
	Apple
	Observation 1: To use ACLR/ACS as a candidate to model co-channel inter-subband interference, more discussion is needed on whether to configure the UE with minimum channel bandwidth that covers the corresponding subband and the impact of such configuration on subband size, guard band, and signaling.
Proposal 1: For UE-UE adjacent-channel CLI modelling of TX unwanted emission, use the two ACLR level model.
Proposal 2: For UE-UE adjacent-channel inter-subband CLI modelling of RX selectivity/blocking, use the following model:
•	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
•	For the blocker that is smaller than -25dBm, use the ACS values to calculate the resulting interference
•	In addition, consider a 5dB SNR degradation due to receiver gain backoff
•	Per RB granularity is not considered.




Open issues summary
Before e-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
Sub-topic description:
[Moderator] Based on last RAN4 meeting’s discussion, WF on feasibility from RF perspective is approved (R4-2214377), with the following agreement on RF requirement impact for SBFD operation reached from UE perspective: 
	From UE perspective 
Agreement: 
· Using existing UE RF requirements to estimate UE performance and if needed extrapolating them for system level studies



Furthermore, for the topic of co-channel inter-subband UE-UE CLI model, the following agreement are captured in the WF: 
	Topic 4: co-channel inter-subband UE-UE CLI model according to RAN1 LS
Candidate considerations for UE-UE CLI model: 
· TX model can refer to existing UE requirement in TS38.101-1 and TS38.101-2
· In band emission as starting point
· FFS is not precluded for other candidates such as ACLR
· 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
· FFS is not precluded for other candidates such as ACS, ICI, and estimated RX model based on legacy UE. 



Open issues and candidate options before e-meeting:
Issue 2-1-1: Co-channel inter-subband CLI TX model for FR1
· Proposals for TX modelling:  
· Option 1: Use IBE-based model
· Option 1a: 17dB
(Note: 17dB is calculated by one company based on IBE for certain configuration)
· Option 2: Use ACLR-type model: 
· Option 2a: 31dB, i.e., Model A: Use an ACLR1-type model that is applicable over all aggressor power levels. This model would be a suitable candidate if the aggressor UE power is generally not very low. 
· Option 2b: Model B: Use an ACLR1-type model that is applicable over all aggressor power levels. In additional apply a -50 dBm floor to the interference to reflect the limit in 38.101-1. 
· Option 2c: Model C: Use an ACLR1-type interference model that improves 1 dB per dB of power reduction from maximum, with at most 8 dB of ACLR improvement. In additional apply a -50 dBm floor to the interference to reflect the limit in 38.101-1. 
· Option 3: Depends on whether or not subband can be configured as UE CHBW from UE perspective, IBE or ACLR model is selected. 
· Additionally, there is one proposal on ACLR2 modelling: 
· Proposal 1 (Qualcomm): Omit ACLR2 from the modelling as it is less significant than ACLR1, however if a majority of companies anticipate ACLR2 to provide useful information we can discuss why that is during the meeting.
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Huawei
	Ok with option 2c for ACLR model and omit ACLR2 for the time being.

	Ericsson
	We are fine to consider IBE as the basis. We also agree with Qualcomm that omitting ACLR2 could be omitted and the same ACLR applied over the whole bandwidth, but are also open to other proposals.

	CMCC
	We are not sure whether ACLR1 type performance is the common performance for all UEs since actually the legacy UE could also work in SBFD network.

	CATT
	Currently we think IBE is more appropriate. For ACLR, we would like to hear the views from UE vendor, how to guarantee UE implements SB as a carrier.

	Samsung
	For Option 1a (17dB), we think the result is only from one certain configuration, but we would like to discuss more on whether it can be representative. 
We are okay with ACLR-type proposals. 

	OPPO
	Option 1. And for the ACLR model if the sub-band is small than UE CBW, then this is not a guaranteed UE performance since what UE compliant is the IBE rather than ACLR.

	MediaTek
	Option 1 seems to fit what RAN1 requested. We wonder where 17dB comes from for Option 1a? IBE is not flat -17dB across the bandwidth, it goes from approx -18dB to -30dB as you move away from the allocated RBs.
We don’t see the need for ACLR approaches if we already have IBE that is well-defined. If the idea of ACLR approaches is that the channel bandwidth is limited to a sub-band, then please note the physical layer issues in defining DL channel bandwidths as sub-bands (i.e. SSB reception issues or SSB per sub-band required), as highlighted in R4-2216836.

	Qualcomm
	Our preference is option 2c, something based on IBE would be ok. There is some work to do to work out the details of either of these.

	Nokia, Nokia Shanghai Bell
	Intermodulation is not discussed in detail here. Expect it to become a problem if adjacent spectrum that can cause interference has a power level above about -46 dBm. Expect that lower levels may even become a problem since the wanted signal is 6 to 10 dB above REFSENSE during intermodulation tests according to 38.101, chapter 7.8. Some estimates can be found in: R1-2210041

	LGE
	We agree with 2c type of characteristics and scaling where level of emissions are function of the output power, but need to take into account the IBE and IQ-impairments depending on the configuration (DU / DUD and sub-band allocation).

	Apple
	The safest approach is IBE-based model. For ACLR-based model, it is unclear if it works for difference subband sizes. For example, if the subband size is not equal to the max. transmission bandwidth configuration of a UE channel bandwidth, can we still consider the UE will be able to meet the ACLR requirement?

	ZTE
	This is somehow depending on the definition of sub-band configuration, if it’s carrier level,  we could use ACLR and if it’s BWP level, it should be in-band emisison requirement.  
For option 1c, we think that it’s a range instead of concrete value, we have some concern to choose which one to be used.

	vivo
	For Option 1a, it only considers 20MHz UE Tx transmission within 100M channel bandwidth. From our understanding, the scheduling RBs for UL transmission can be any number within 20M(51 RB), which is not considered by Option 1a. It is better to use the general IBE model as baseline.
For Option 2, if we use ACLR to model the Tx leakage from the sub band, does it imply the restriction that the sub band is configured to UE Channel bandwidth? It is better to align the prerequisite when ACLR can be used to subband level.



· Summary on 1st round discussion: 
· Different views collected on IBE-based or ACLR-based TX model:
· For IBE-based model: whether or not 17dB (option 1a) is representative. 
· Majority view is current IBE requirement-based model is enough, and no need to have a single value for one specific configuration. 
· For ACLR-based model: seems option 2(c) received more preference.
· Whether or not ACLR-based TX model can be applied if TX sub-band is smaller than UE channel bandwidth?
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be continued in 2nd round, based on open issues listed above. 

Issue 2-1-2: Co-channel inter-subband CLI RX model for FR1
· Proposals for whether or not In-channel selectivity (ICS) is utilized: 
· Option 1: Maximum input level (-25dBm) as the only checking point for receiver saturation of victim UE. 
· Option 2: ICS based on FR1 ACS (33dB)
· Option 3: Depends on whether or not subband can be configured as UE CHBW from UE perspective, maximum input level or ACS model is selected. 
· Option 4: RAN4 is suggested to provide a typical co-channel Rx modelling to RAN1 other than assuming 0dBi ICS.
· Option 4a: ICS model with -25 dBc as the starting point 
· Additional proposals for RX modelling:  
· Proposal 1 (MediaTek): Consider imperfections in co-channel interference rejection at FFT as part of Rx modelling. 
· Proposal 2 (Qualcomm): RAN4 to consider and discuss the blocking receiver model as shown in the figure.
[image: ]
· Other observation and proposal related to above P2: 
· Observation 1 (MediaTek): Apart from maximum Input Level, there are no direct requirements for AGC behaviour defined in 3GPP. Therefore, any AGC modelling assumptions agreed as part of 3GPP work would need to be sufficiently generic and clearly stated as an indicative example.
· Proposal 3 (MediaTek): Feedback is invited to understand more details on the proposed model in R4-2211562.
· Proposal 4 (CATT):  UE Noise figure increase corresponding to the input signal level can use the approach in R4-2211562 as a starting point.
· Proposal 5 (CATT): The final UE-UE inter-subband interference should combine the noise figure and the ICS contribution.
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Ericsson
	At least the maximum input level and ACS should be considered. Regarding the Qualcomm model, one question is that it seems to model the impact of AGC being switched as the input level increases… but then wouldn’t the noise figure increase with increasing gain attenuation and so the SNR decrease ?

	CMCC
	At least non-zero ICS besides -25dBm max input power.

	Samsung
	We support both option 1 and option 2. 
Clarification on QC’s model is welcomed: the metric of input level (x-axis) should include both wanted signal and interference, or just wanted signal for the current figure.

	OPPO
	Option 1, since this is the only requirement we can rely on currently.

	MediaTek
	We do not support Option 2. Where does this assumption come from? Ericsson/Samsung previously suggested any FFT non-orthogonality should not be discussed by RAN4. So where does this 33dB rejection come from?
Option 3: To answer the question, it would require an SSB in each DL sub-band, which would require more system overhead, so RAN4 should not assume that without first asking RAN1 for the impact analysis.
Option 4: In our contribution the contribution from lack of orthogonality depends on how close to the aggressing signal the receiving sub-band is. Is this what companies consider as “ICS”? (see previous comment if that is the case).
We support MediaTek Proposal 1, but mainly as it shows that with no guardband there could be a higher interferer in 1st RB than IBE, based on theoretical analysis.
On Proposal 2 from Qualcomm, we would also appreciate feedback on how interference is supposed to impact, and the intention of the different power levels provided. Is it a dB-by-dB SNR impact on horizontal part of curve? And zero SNR reduction if max input power stays on the sloping part?
Proposal 5 from CATT seems reasonable.

	Qualcomm
	For in-channel selectivity and adjacent sub-band entering the receiver sees no selectivity. Sub-band selectivity = 0 dB. R4-2216794
To Ericsson there would be a slight but not very significant slope to the SNR but this model is simplified

	Apple
	We support Option 1, as we cannot assume there is any in-channel selectivity between two subbands in the same channel. 
Perhaps Qualcomm can translate SNR versus input level plot to NF versus input level plot to show how NF increases when the gain reduces.

	CATT
	Maybe we need to clarify more for our proposal.
For Rx, two aspects should be considered. First is that that signal level impact to AGC, then to NF. Second is that the large interband interference signal when Rx is not saturated. The first one, can be derived with the NF->signal level function. The second one is ICS which is similar with BS. There’s no ICS requirement, but we think it can refer the image requirement which is defined in DEMOD part, i.e. -25 dBc. That’s why we proposed the above proposal 5:
The final UE-UE inter-subband interference should combine the noise figure and the ICS contribution.
For the option 1, only checking -25 dBm is not sufficient because UE AGC has many steps, then NF changes for different Rx gains.
For option 2, if UE vendors can guarantee the image performance is 33dBc, then it’s ok. Anyway, it should be ICS, not ACS. Currently, using -25 dBc image requirement seems safer.

	ZTE
	Share similar concerns as Ericsson. 

	vivo
	•	Proposals for whether or not In-channel selectivity (ICS) is utilized: 
From current UE RF requirement, there is no ICS requirement. Our question for Option 2: How can ICS be assumed based on legacy UE architecture？Similar question for the QC’s Rx modelling. 
From the definition of ACS, it implies the selectivity from the channel bandwidth level. If we use ACS for subband level, does it imply the subband is configured as UE channel bandwidth?



· Summary on 1st round discussion: 
· Different views collected on whether or not In-channel selectivity (ICS) is utilized:
· Option 1: Maximum input level (-25dBm) as the only checking point for receiver saturation of victim UE. 
· Supported by Ericsson, Samsung, OPPO, MediaTek, Apple, ZTE
· Concern is raised to check -25dBm as “the only check point” is enough or not
· Option 2: ICS based on FR1 ACS (33dB)
· Concern raised by ACS requirement can be applied for ICS: 
· Option 4a: ICS model with -25 dBc as the starting point 
· Proponent suggest this because image requirement which is defined in DEMOD part, i.e. -25 dBc. 
· On Qualcomm proposed AGC model: 
· More clarification is encouraged by several companies. 
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be continued in 2nd round, based on open issues listed above. 


Issue 2-1-3: Co-channel inter-subband CLI TX model for FR2-1
· Proposals for TX modelling:  
· Option 1: Use IBE-based model
· Option 2: Use ACLR-type model: 
· Option 2a: 17dB, i.e., Model A: Use an ACLR1-type model that is applicable over all aggressor power levels. This model would be a suitable candidate if the aggressor UE power is generally not very low. 
· Option 2b: Model B: Use an ACLR1-type model that is applicable over all aggressor power levels. In additional apply a -50 dBm floor to the interference to reflect the limit in 38.101-1. 
· Option 2c: Model C: Use an ACLR1-type interference model that improves 1 dB per dB of power reduction from maximum, with at most 8 dB of ACLR improvement. In additional apply a -50 dBm floor to the interference to reflect the limit in 38.101-1. 
· Note: if an ACLR1-type model is selected then 
· OBW should define the full power value for FR2
· If there is an interference floor it should be taken from 38.101-2 6.5.2.3.
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Ericsson
	Similar comments to FR1; we are open to consider IBE

	CMCC
	The general principle should be aligned with FR1.

	Samsung
	Similar comments to our view on FR1 counterpart, we are okay with ACLR-type model. 

	OPPO
	Option 1.

	MediaTek
	Similar comments as for FR1

	Qualcomm
	We should align with FR1

	LGE
	Align with FR1

	Apple
	Option 1. We also agree it is better to align with FR1.

	ZTE
	Similar comment as for FR1.

	vivo
	Similar comments to FR1; At current stage, it is better to clarify firstly how can ACLR be used to subband level considering legacy UE architecture before we agree on using ACLR-type model for Tx modelling. 



· Summary on 1st round discussion: 
· Different views collected on IBE-based or ACLR-based TX model:
· For IBE-based model
· For ACLR-based model: seems option 2(c) received more preference.
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be continued in 2nd round, based on open issues listed above. 

Issue 2-1-4: Co-channel inter-subband CLI RX model for FR2-1
· Proposals for whether or not In-channel selectivity (ICS) is utilized: 
· Option 1: Maximum input level (-25dBm) as one checking point for receiver saturation of victim UE. 
· Option 2: ICS based on FR1 ACS (23dB)
· Option 3: Depends on whether or not subband can be configured as UE CHBW from UE perspective, maximum input level or ACS model is selected. 
· Option 4: RAN4 is suggested to provide a typical co-channel Rx modelling to RAN1 other than assuming 0dBi ICS.
· Option 4a: ICS model with -25 dBc as the starting point 
· Additional proposals for RX modelling:  
· Proposal 1 (MediaTek): Consider imperfections in co-channel interference rejection at FFT as part of Rx modelling. 
· Proposal 2 (Qualcomm): RAN4 to consider and discuss the blocking receiver model as shown in the figure.
[image: ]
· Other observation and proposal related to above P2: 
· Observation 1: Apart from maximum Input Level, there are no direct requirements for AGC behaviour defined in 3GPP. Therefore, any AGC modelling assumptions agreed as part of 3GPP work would need to be sufficiently generic and clearly stated as an indicative example.
· Proposal 3: Feedback is invited to understand more details on the proposed model in R4-2211562.
· Proposal 4 (CATT):  UE Noise figure increase corresponding to the input signal level can use the approach in R4-2211562 as a starting point.
· Proposal 5 (CATT): The final UE-UE inter-subband interference should combine the noise figure and the ICS contribution.
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Ericsson
	 Similar comments and question on the QC model to FR1.

	CMCC
	The general principle should be aligned with FR1.

	Samsung
	Both Option 1 and Option 2. 
Similar to FR1 counterpart, clarification on QC’s model is welcomed: the metric of input level (x-axis) should include both wanted signal and interference, or just wanted signal for the current figure.

	OPPO
	Option 1.

	MediaTek
	Similar comments as for FR1.

	Qualcomm
	We should align with option 1. The UE behavior is very similar for FR1 and FR2.

	LGE
	Align with FR1

	Apple
	Option 1. We also agree it is better to align with FR1.

	ZTE
	Similar comment as before.

	vivo
	 Similar comments to FR1; 



· Summary on 1st round discussion: 
· Similar discussion status as FR1 counterpart. 
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be continued in 2nd round. 

Sub-topic 2-2: UE Aspects: Adjacent-channel UE-UE CLI model
Sub-topic description:
[Moderator] Based on last RAN4 meeting’s discussion, on the topic of adjacent-channel UE-UE CLI model, the following agreements are captured in the WF: 
	Topic 6: adjacent-channel UE-UE CLI model according to RAN1 LS
Agreement on feasibility and how to model UE-UE CLI modelling considering unwanted emission and receiver selectivity:
· Model as starting point : UE ACLR based model on TX and UE ACS based model on RX which is the same ACIR model as Rel-16 CLI study.
· FFS on below model
· UE ACLR model with 2step size(FR1 example: ACLR1/2=28/33dB) on TX
· UE ACS based model on RX if blocker is smaller than maximum input level of UE, and additional SNR degradation at the victim receiver due to receiver gain backoff
· FFS on how the per-sub-band/RB aspect is characterised. Other aspect is also not precluded



Open issues and candidate options before e-meeting:
Issue 2-2-1: Receiver check point for adjacent-channel
· Proposals:  
· Proposal 1 (Samsung): To align with legacy CLI and co-existence study, no receiver check point needed for adjacent channel UE-UE CLI model.
· Proposal 2 (Apple): For UE-UE adjacent-channel inter-subband CLI modelling of RX selectivity/blocking, use the following model:
· [bookmark: _Hlk116596514]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
· For the blocker that is smaller than -25dBm, use the ACS values to calculate the resulting interference
· In addition, consider a 5dB SNR degradation due to receiver gain backoff
· Per RB granularity is not considered.
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Ericsson
	The Apple proposal is OK for us

	CMCC
	The first two sub-bullet from APPLE is OK for us. 
Regarding SNR degradation, one question, is it the common operation of gain backoff for all UEs since such gain backoff will degrade NF and RFESENSE
Regarding per RB basis, for RAN4 we don’t need per PRB basis, but for RAN1 it maybe necessary because the scheduling per UE is PRB basis and non-contiguous. For example, number 1 and number 20 PRB is scheduled for aggressor UE and number 30 and number 40PRB is scheduled for another victim UE. per PRB basis CLI modeling could help to calculate total interference for above case.

	CATT
	Clarification for Apple proposal “consider a 5dB SNR degradation due to receiver gain backoff”, does this mean the noise floor increase or on top of ACS degradation? We also would like to know what’s the impact to the adjacent channel co-existence simulation. Currently, there’s no other degradation source than ACIR for UE Rx.

	Samsung
	We support P1 as proponent. 
We want to clarify more on P2, especially about “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”: how much degradation here? Does that mean >-25dBm block exists will make victim’s RX link to have 100% package loss?

	OPPO
	Ok with Proposal 2 sub-bullet 1/2/4, for sub-bullet 3 we also would like to understand better on the concept and how to use it. Is the SNR degradation caused by the gain loss of the wanted signal or the noise increased due to receiver gain back off?

	MediaTek
	Proposal 2, sub-bullet 1/2/4. Happy to consider further the 5dB if it can be explained further.

	Qualcomm
	Sorry we don’t understand the Samsung proposal talking about a ‘checkpoint’ 
For the Apple’s proposal we agree the adjacent channel can be modeled with the ACS spec number. For the modeling of NF we are not sure whether a NF degradation factor is needed. We need to consider this further. We agree the behaviour of the UE above maximum input level can be modeled as unable to decode.

	Apple
	To OPPO and QC: as the receiver gain reduces with large blocker power, the noise figure would increase from the one at the maximum gain. We believe this effect needs to be accounted for, and welcome other companies views on the proposed 5dB value.

	ZTE
	In general, we are fine with apple’s proposal, however not sure how to get 5dB performance degradation, more clarifications are needed.

	vivo
	For the third bullet in P2, do we need to consider it in the ACIR modeling?
	In addition, consider a 5dB SNR degradation due to receiver gain backoff
(In general, adjacent channel analysis shall be based on co-existence study which is ongoing in parallel. It is better to focus on co-existence study at this moment before we agree any further model for adjacent scenarios) 



· Summary on 1st round discussion: 
· Although one company proposed P1 in which there is no need to check blocking signal’s strength (by just assume ACLR and ACS value for UE), majority companies prefer P2, while more discussion is needed on:
· Clarify UE behavior for “large receiver degradation” if the blocker is higher than -25dBm 
· FFS the necessity of noise figure degradation factor, and the value if any. 
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be continued in 2nd round, based on open issues listed above. 

Issue 2-2-2: 2-step ACLR model
· Proposals:  
· Proposal (MediaTek, Apple): Consider a 2-step ACLR model for adjacent channel interference modelling. Further discuss the step sizes.
· Recommended WF
· Considering it is the 2nd meeting to discuss 2-step ACLR model for adjacent channel interference modelling, we expect more constructive comment for how to proceed.  
	Company
	Comments

	Ericsson
	We could use just one ACLR level across the whole DL and go to two levels in case any interference problem is seen to investigate further. We’re open to discuss a 2 step model from the start though.

	CMCC
	In the email thread [311], LGE proposal 18 sub-band model as in [R4-2215789]

	CATT
	We would like to hear the UE vendors for the real performance. For BS, as there’s CFR/DPD, there may be no 2nd step.

	Samsung
	Ericsson’s comment and suggested WF is okay to us. 
However, we want to clarify the “step size” of the proposed two-step ACLR model: should the step size be the same as the channel bandwidth from UE perspective or from NW perspective?  E.g., for a total 100MHz for DUD or DU SBFD configuration, in which UL is X MHz, should the ACLR step size be set to 100MHz or X MHz?

	OPPO
	Ok with proposal.

	MediaTek
	The point from our side on the 2-step model was that, in reality, the emission will unlikely be completely the same close to the channel edge as further away, so if we want some way to identify whether some guard-band makes sense in practice then some variation in the emission may be useful. 
An 18 sub-band model is probably too specific to a particular implementation so some generalizing is preferred.

	QCOM
	The effect of ACLR2 is a secondary effect Our preference is to omit any ACLR2 aspect as we expect it will be insignificant in the study.

	LGE
	We think that stepwise model may be necessary, but this should be aligned with agreed scenarios. Granularity of the model should not be smaller than sub-bands and if possible, simplification shall be done by combining the adjacent sub-bands. In our Tdoc we used 3x6 sub-bands, but this was only an example. For BS model may be flat, but for UE non-linearity is important interference component and shape follows the width and PSD of the TX.

	Apple
	Our intension is to accurately model the interference while not unnecessarily complicating the modelling. As Ericsson and QC commented, the key is to find out if the interference issue with the one step model is dominant or significant.

	ZTE
	Open for further discussion, in general, even with single step, we don’t see much issue in the past.

	vivo
	We would like to know based on what adjacent channel scenario, we use this 2-step ACLR model.
For DUD case, UE transmit in the middle UL subband, the Tx leakage falling into adjacent channel can be a second adjacent channel, in this case, 2-step ACLR can be considered.
For DU case, UE transmit in the side UL subband, the Tx leakage falling in to adjacent channel can be model by ACLR, not necessarily to consider more step ACLR.
It is better to clarify which assumption is used for 2-step ACLR.



· Summary on 1st round discussion: 
· Different views on two-step ACLR model for adjacent channel interference modelling, on the following aspects:
· FFS Step size
· FFS the necessity of two-step ACLR model for SBFD scenario: 
· Whether or not the 2nd step ACLR’s impact can be omit
· May depends on SBFD configuration.
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be continued in 2nd round, based on open issues listed above. 

[bookmark: _Hlk116595213]Issue 2-2-3: Adjacent-channel CLI model for FR1
· Proposals:  
· Option 1: 
· For FR1, assume 31dB ACLR for adjacent channel interference.
· For FR1 ACS assume 33dB
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Ericsson
	OK

	CMCC
	OK

	Samsung
	Support Option 1 since it is drafted based on last meeting’s WF. 

	OPPO
	Ok

	MediaTek
	Not ok. The UE ACLR is 30dB. Where does this additional 1dB come from?

	QCOM
	Ok with option 1

	Apple
	To clarify, the proposed 31dB is because it is the req. for PC1.5 and 2?

	ZTE
	30dB or 31dBc, we need to focus on PC3 right?  Or prioritize the PC2 here.

	vivo
	We just checked the UE ACLR requirement for PC3, 30dB is defined. Could the proponent of Option1 explain why 31 dB is used? In our view, existing requirements of ACLR for each power class can be reused. 
Table 6.5.2.4.1-2: NR ACLR requirement
	
	Power class 11
	Power class 1.5
	Power class 2
	Power class 3

	NR ACLR
	37 dB1
	31 dB
	31 dB
	30 dB

	NOTE 1:	Void






· Summary on 1st round discussion: 
· Even based on agreement to be based on ACLR requirement from last meeting, which PCs are still not clarified: 
· Option 1: 31dB (based on PC1.5 or PC2)
· Option 2: 30dB (based on PC3)  
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be continued in 2nd round. 
· Moderator suggest the following proposal to be discussed: 
· Adjacent-channel CLI model for FR1: 
· UE ACLR-based model on TX depends on UE power class: 
· 31dB for PC1.5 or PC2 UE
· 30dB for PC3
· UE ACS-based model for RX: 
· 33dB

Issue 2-2-4: Adjacent-channel CLI model for FR2-1
· Proposals:  
· Option 1: 
· For FR2, assume 17dB ACLR for adjacent channel interference.
· For FR2 ACS assume 23dB
· Recommended WF
· Please provide comment on the above proposals.  
	Company
	Comments

	Ericsson
	OK

	CMCC
	OK

	Samsung
	Support Option 1 since it is drafted based on last meeting’s WF.

	OPPO
	Ok

	Qualcomm
	From our paper ACLR of 17 dB makes no sense as the UE is required to meet OBW. OBW value should be used which computes to about 23 dB.
The ACS is fine.

	Apple
	OK. We are also open to QC’s proposal of using OBW.

	ZTE
	Okay

	vivo
	OK with Option 1.



· Summary on 1st round discussion: 
· Different views on ACLR value by considering the restriction of OBW, which can be more stringent than ACLR-based model (regarded as “starting point” in last meeting):
· Option 1: 17dB (based on FR2-1 ACLR)
· Option 2: 23dB (based on OBW requirement)  
· Aligned understanding on ACS. 
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be continued in 2nd round, based on two options for TX model. 

Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:



[Moderator] 1st round summary is provided after each issue. 

CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”


N/A.

Discussion on 2nd round (if applicable)


Topic #3: Regulatory survey 
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2216204
	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.

	R4-2216518
	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



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 3-1 Survey on regulatory aspects
Sub-topic description:
[Moderator] As one of the objective 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. 

Open issues and candidate options before e-meeting:
Issue 3-1-1: Frequency range/band to be studied 
· Proposals: 
· Proposal 1 (Nokia): 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.
· Recommended WF
· Please provide comment on the above proposal.  
	Company
	Comments

	Huawei
	Proposal is ok but there is not necessary to limit any frequency range as well.

	Ericsson
	The proposal is ok but the study shall not only be limited to 3400-3800 MHz, other frequency ranges shall also be considered.

	CMCC
	2.6GHz and 4.9GHz are also suggested. But it seems there is no need to limit the frequency range.

	Samsung
	Same comment as other companies, at least include 3400-3800MHz is okay but it shall not be interpreted to preclude other bands. 

	OPPO
	Ok with proposal to use 3400-3800 as starting point.

	Qualcomm
	The proposal is ok given that no limitation is imposed on the frequency ranges at this stage of the study. 

	Nokia, Nokia Shanghai Bell
	We acknowledge the study is not limited to the 3400-3800 MHz frequency range. However, we think the 3400-3800 MHz frequency band can be used as an example/starting point to discuss the differences, from a regulatory perspective, between SBFD and dynamic TDD. 

	Apple
	We are not sure if we need to have an agreement on this proposal. Our understanding is the regulatory aspects will be included in the TR. Clearly no one would object to include the aspects concerning 3400-3800 MHz frequency range. 

	ZTE
	Similar comment as Huawei and Ericsson



· Summary on 1st round discussion: 
· Companies are okay with the proposal to include 3400-3800MHz to study on, but no consensus on this frequency range should be used as “starting point” as reference. 
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be continued in 2nd round. 
· It is suggested Nokia to provide constructive wording to proceed. 
· Seems no WF is needed for this issue (based on discussion till now). 
· If discussion is still needed, further discussion can be provided in 2nd round summary. 

Issue 3-1-2: Regulatory aspects comparison to dynamic TDD 
· Proposals: 
· Proposal 1 (Nokia): The conclusions on the regulatory aspects of dynamic TDD are also applicable to SBFD.
· Recommended WF
· Please provide comment on the above proposal.  
	Company
	Comments

	CMCC
	Regulatory aspects may be similar for dynamic TDD and SBFD. But it’s still immature to conclude that applicable to SBFD.

	Samsung
	In principle, we can understand P1’s logic, but could Nokia clarify specifically on what exactly is “The conclusions on the regulatory aspects of dynamic TDD”?

	OPPO
	If understand proposal correctly it means any regulation that allow dynamic TDD can also apply SBFD. Ok with that.

	Qualcomm
	Our comments are similar to Samsung and CMCC. Clarification would be helpful, and with that study and discussion would be needed on the details.

	Nokia, Nokia Shanghai Bell
	See comments to issue 3-1-1.

	Apple
	We also prefer clarifications first what the proposal means. Meanwhile, as we observed in our contribution submitted to the last meeting, “The focus of RAN4 task of summarizing the regulatory aspects is to find out if there is any regulation that limits such simultaneous TX and RX by a gNB on TDD spectrum.” As in dynamic TDD, a gNB will not transmit and receive at the same time, there seems to be quite significant difference between dynamic TDD and SBFD.



· Summary on 1st round discussion: 
· Companies prefer more clarification in the proposal for “regulatory aspects of dynamic TDD”. 
· Recommendations for 2nd round:
· The discussion on this issue is suggested to be continued in 2nd round. 
· It is suggested Nokia to further clarify the proposal. 
· Seems no WF is needed for this issue (based on discussion till now). 
· If discussion is still needed, further discussion can be provided in 2nd round summary. 

Issue 3-1-3: Further observations on regulatory aspects 
· [Moderator] Two companies provide further observations and analysis on regulatory aspects. 
· Observations from Ericsson (R4-2216518): 
· Observation 1: For a chosen TDD pattern, sub-band full duplex operation would increase the UL transmission in the network, increasing the level of UL interferences.
· Observation 2: 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.
· Observation 3: In Europe, operations in adjacent TDD spectrum are supposed to be synchronized.
· Observation 4: In certain circumstances preventing any interference (e.g. factory indoor), it would be possible to deploy unsynchronized TDD network.
· Observation 5: For some 5G bands, Regulators have considered unsynchronized (or semi-synchronized) TDD operation between adjacent operators by introducing more stringent parameters.
· Observation 6: More stringent Regulatory requirements might impact BS feasibility, final cost, size and weight, especially if SBFD DL is considered during “legacy” UL slots.
· Observation 7: 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. 
· Observation 8: In USA and Canada, SBFD operation might be possible when deployed in environment preventing interference in the adjacent spectrum.
· Observation 9: 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. 
· Observation 10: In Japan, Regulator has not mandated any TDD pattern but operators are required to coordinate their adjacent TDD networks to avoid any interference. 
· Observation 11: In Japan, SBFD operation might be possible when deployed in environment preventing interference in the adjacent spectrum.
· Observations from Nokia (R4-2216204): 
· Observation 12: In many CEPT countries, the same frame format is effectively mandated both indoor and outdoor in the 3400-3800 MHz frequency band.
· Observation 13: In other regions, synchronization in the 3400-3800 MHz frequency band is not mandated but highly recommended.
· Recommended WF
· Please provide comment on the above observations.  
	Company
	Comments

	Spark NZ
	In NZ our regulator has mandated a TDD frame structure pattern, it will be very difficult for us to change a TDD pattern unless all operators in the band agree. Therefore, we recommend studying inter-operator interference mitigation models – which might be a prerequisite. Additionally, we have tower loading concerns and antennae physical size restrictions, that will provide hurdles to practical deployment.

	Samsung
	Respond to Spark NZ’s comment, the current discussion on adjacent channel evaluation shall already be representative enough to cover the coexistence scenario between different operators. 

	
	



· Summary on 1st round discussion: 
· For observations provided in two Tdocs: 
· One operator provided more information on local regulatory aspects: 
· From moderator’s understanding, how to handle this technically is included in the adjacent channel evaluation (feasibility study in this email thread, and co-existence study in the email thread 311). 
· Recommendations for 2nd round:
· Suggested to provide further analysis and also corresponding TPs in next meeting, accordingly to work plan. 
· The discussion on this issue is suggested to be continued in 2nd round. 
· Seems no WF is needed for this issue. 
· If discussion is still needed, further discussion can be provided in 2nd round summary. 

Sub-topic 3-2 Text Proposal on regulatory aspects
Sub-topic description:
[Moderator] Two 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 3-2-1: 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, R4-2216518): 
· 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 (e.g. CEPT in Europe) have specified more stringent parameters (increasing 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.
· Recommended WF
· It should be noted that Text Proposal to TR is supposed to be discussed in RAN4#105, according to approved work plan. 
· In this meeting, it is expected that the constructive comments can be given on the above TPs for regulatory aspects, and if there is aligned view, tentative draft can be endorsed and to be captured in WF or chairman notes.
· Therefore, views on the above TPs are collected in 1st round:  
	Company
	Comments

	Ericsson
	We have a different view than option 1: 
· Outside Europe, we still see potential major issues for the deployment of SBFD (macro scenario) in any frequency range, because operators are expected to synchronize their adjacent TDD networks.
In CEPT countries adopting the ECC Decision(11)06, Regulators have already specified requirements for unsynchronized or semi-synchronized TDD networks. Those should then be applicable without revisiting this ECC Decision. 

	Spark NZ
	We support the views of Ericsson.  In our case, TDD DL/UL patterns for all deployments are mandated as part of our 20-year spectrum rights. We would additionally like to point out the regulatory hurdles in changing antennas if this required to meet the isolation requirements. Larger antennas on towers will result in special planning approvals from the local authorities that in turn take a lot of time and planning. Additionally, tower space is allocated by another company and their priority may be different. These concerns should be reflected in the TR.
We have also commented earlier on in this doc on inter-operator interference and mitigation of this via site isolation will not be feasible as tower placements in an area are restricted and limited.

	Qualcomm
	For Ericsson could you describe examples of  the more stringent parameters from CEPT? 
“some Regulators (e.g. CEPT in Europe) have specified more stringent parameters (increasing complexity significantly).”



· Summary on 1st round discussion: 
· Discussions are provided on two TPs on regulatory aspects for SBFD: 
· Different understanding on (1) outside EU, whether or not potential issues exists (2) Within EU, whether or not regulators have specified more stringent parameters. 
· Recommendations for 2nd round:
· Suggested to be postponed to next meeting, accordingly to work plan. 
· In this meeting, views are collected, based upon which further refinement of TP can be provided in next meeting for endorsement.
· The discussion on this issue is suggested to be closed in 2nd round. 


Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:



[Moderator] 1st round summary is provided after each issue. 

CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXXR4-2216204
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”
Suggested to be postponed to next meeting, accordingly to work plan. 
In this meeting, views are collected, based upon which further refinement of TP can be provided in next meeting for endorsement.

	R4-2216518
	Suggested to be postponed to next meeting, accordingly to work plan. 
In this meeting, views are collected, based upon which further refinement of TP can be provided in next meeting for endorsement. 


[Moderator] It should be noted that Text Proposal to TR is supposed to be discussed in RAN4#105, according to approved work plan. In this meeting, the two text proposals 

Discussion on 2nd round (if applicable)

Recommendations for Tdocs
1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on …
	YYY
	

	
	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	
	WF on SBFD feasibility study and RF impact: BS aspects
	Samsung
	To cover issues in Topic#1

	
	WF on SBFD feasibility study and RF impact: UE aspects
	Qualcomm
	To cover issues in Topic#2



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-2216204
	
	Regulatory considerations on sub-band non-overlapping full duplex operation
	Nokia, Nokia Shanghai Bell
	Suggested to be postponed to next meeting, accordingly to work plan. 
In this meeting, views are collected, based upon which further refinement of TP can be provided in next meeting for endorsement.
	Original Tdoc is discussion paper but include one TP on regulatory apsects.

	R4-2216518
	
	Full duplex operation – Regulatory aspects and TP to TR 38.858
	Ericsson
	Suggested to be postponed to next meeting, accordingly to work plan. 
In this meeting, views are collected, based upon which further refinement of TP can be provided in next meeting for endorsement.
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-22xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-22xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
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