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1. Introduction
Rel-18 Study Item is approved on Study on evolution of NR duplex operation with the target to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operation. According to latest SID in [1], in this RAN1 led SI tasks for RAN4 scope are explicitly stated as below:
	· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).


In RAN4#104-bis-e, WF on SBFD feasibility study and RF impacts from BS aspects was agreed [4], which includes the further WF based upon the agreement on August meeting [2][3]. Accordingly, in this contribution, we would like to further provide our viewpoints on the feasibility and RF impact of SBFD from BS aspects.  
2 SBFD Self-Interference Modeling
From RAN4#104-e, RAN4 had the discussion on the feasibility study for SBFD operation, especially for the criteria on gNB UL receiver sensitivity degradation due to self-interference. Particularly, based on RAN4#104-bis-e GTW agreement, it was agreed to take “1dB sensitivity degradation due to self-interference of DL transmission as baseline target for system level evaluation and feasibility study at current stage from RAN4 perspective”, as follows [4]:
	Agreement (based on GTW on Oct. 14th): 
· Criteria on gNB UL receiver sensitivity degradation due to self-interference: 
· Taking 1dB sensitivity degradation due to self-interference of DL transmission as baseline target for system level evaluation and feasibility study at current stage from RAN4 perspective
· Final values used in co-existence evaluation shall be aligned with feasibility analysis conclusion.
· RAN4 can use 1dB sensitivity degradation as criteria in feasibility study
· FFS whether other values can be considered for some special cases
· Above conclusion intended for RAN4 only and other WGs can make conclusion based on their own analysis. 



Furthermore, it was identified that the factors including BS classes, SBFD configuration assumption and guardband assumption should be well considered in RSIC link budget analysis for SBFD operation. Particularly, for SBFD configuration and guardband assumption, it could be differently configured/assumed by vendors, while the values should come along with the analysis. 
2.1 RSIC Analysis Framework
Based upon the RAN4 discussion over the past two meetings, the overall RSIC capability is broken down into the following four aspects: (1) spatial isolation; (2) frequency isolation; (3) beam nulling/isolation and (4) digital IC. Based upon the contributions from companies, the range for value of gNB self-interference cancellation with respect to above each aspect is summarized in table 1 of reply LS [2]; however, the detailed range for parameters in table 1 are superset of results provided from source companies which require further feasibility analysis.  
	Table 1 of reply LS [2]: 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. 





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

	Component capability 
	Spatial isolation 
	xxx dBc
	xxx dBc

	
	Frequency isolation
	xxx dBc 
	xxx dBc 

	
	Beam nulling /isolation
	xxx dBc
	xxx dBc

	
	Digital IC 
	xxx dBc
	xxx dBc

	Overall RSIC capability 
	xxx dBc
	xxx dBc

	additional implementation details
	SBFD configuration
	
	

	
	Guardband assumption (if exist)
	
	

	
	Sub-band filtering assumption (if exist)
	
	

	
	bandwidth over which suppression is achieved
	
	

	
	Others
	
	





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


By considering the above discussion, a more detailed RSIC analysis framework is proposed in this contribution, which is characterized by: 
(1) Based upon the agreement, RAN4 shall consider “BS classes for deriving the different value ranges of the RSIC and corresponding RF feasibility study”, in which different power limits, selectivity level and other parameters are under consideration with being associated with BS classes. 
(2) Tx and Rx operation for interference cancellation/suppression are provided separately: e.g., the frequency isolation is separated into the component at TX and RX side respectively, and the RF SIC at RX is considered independently. 
(3) There are several metrics listed in the table, which are supposed to be derived from other parameters for checking purpose, including (a) Self-interference leakage in gNB RX subband due to non-ideal TX; (b) Self-Interference signal in gNB TX subband; (c) Self-Interference signal in gNB RX subband caused by non-ideal RX selectivity, gain-normalized. 
Proposal 1: RAN4 adopt the RSIC capability analysis framework in Table-1, which is characterized by (a) per BS class analysis; (b) separated TX and RX RSIC component capabilities and (c) values derived for checking purpose. 
Table-1: Proposed RSIC Analysis Framework 
	FR1 (or FR2-1)
	Company-A

	BS class
	Wide 
Area BS
	Medium 
Range BS
	Local 
Area BS

	BS TX Power  = ① dBm
	xxx dBm
	
	

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

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

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	xxx dBc
	 
	 

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

	
	Beam nulling /isolation 
= ④ dBc
	xxx dBc
	
	

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

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

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

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

	
	Frequency isolation at RX
	Frequency isolation capability ⑥ dBc
	xxx dBc
	 
	 

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

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

	
	Digital IC  = ⑦ dBc
	xxx dBc
	 
	 

	Overall RSIC capability  (Note 1)
	xxx dBc
	
	

	Noise floor ⑧dBm
	xxx dBm/CBW
	
	

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

	Required RSIC budget (①-⑨dBc)
	xxx dBc
	
	

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



Proposal 2: Companies are encouraged to provide input into the above RSIC capability analysis framework for both FR1 and FR2-1, for RSIC feasibility. 

Accordingly, based upon the above table for analysis framework, there are further observations we would like to highlight.  
2.1.1 Residual Self-Interference before Digital IC 
Based on our understanding, before the digital IC, the self-interference comes from two sources, as follows:  
           , the interference leakage in gNB RX subband due to non-ideal TX, which can be derived as , with the reference point being set at RX antenna port. 
           , the interference in gNB RX subband caused by non-ideal RX selectivity, which can be derived as , which is the gain-normalized value with reference point being set at RX antenna. 
Accordingly, the following observations can be provided: 
Observation 1: Before digital IC, the self-interference comes from two sources:
· , Interference leakage in gNB RX subband due to non-ideal TX, which can be derived as , with the reference point being set at RX antenna. 
· , Interference in gNB RX subband caused by non-ideal RX selectivity, which can be derived as , which is the gain-normalized value with reference point being set at RX antenna. 
Observation 2: Before digital IC, the residual self-interference in RX subband is .

2.1.2 Residual Self-Interference After Digital IC
Accordingly, with the digital IC capability assumed to be , the residual self-interference after digital IC can be derived as 
 
.
dBm.
Therefore, the following observation can be obtained accordingly. 
Observation 3: After digital IC, the residual self-interference in the RX subband can be derived as 
dBm.

2.1.3 Overall RSIC capability
Based on the RSIC component capabilities and the analysis above, the overall RSIC capability can be provided as
Proposal 3: Based on the component RSIC capability in Table 1, the overall RSIC capability can be derived as 
 
 dBc.


2.2 Further Analysis on RSIC Capability for FR1 and FR2-1 BS
When SBFD is implemented at the gNB, the received UL signal at the gNB is subject to co-channel self-interference from the gNB side transmitter. Methods to cancel the self-interference include passive methods which rely on the antenna isolation between Tx and Rx antennas, active methods which utilize RF or digital signal processing, hybrid methods using a combination of these, and filtering.
Achieving a sufficient level of RSIC is the most critical part when implementing SBFD at the gNB. Without adequate SIC capability, the interference from the transmitted DL signal would corrupt the received UL signal (Figure 1(a)). To solve this problem, various SIC schemes can be used. Using the example of Figure 1(b), SIC capability can be provided through the antenna or panel design (A), can be applied in RF domain to the RF signal (B) or in digital signal domain (C), or a combination of these.
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Figure 1: gNB transceiver architecture with self-interference cancellation capability

For example, antenna SIC can be used to minimize the leakage power from the Tx ports to the Rx ports of the panel, and digital SIC is then used to handle any residual interference after antenna SIC. DL out-band signal power flowing into the UL Rx path can be effectively suppressed below the noise floor level to guarantee the UL receiver performance. Also, by combining digital pre-distortion (DPD) at the Tx path and digital SIC at the Rx path, the out-band interference from the DL signal to the UL signal can be effectively mitigated by the gNB such that the need for a guard band between the UL and DL signals is minimized. In FR2, the use of separate antenna panels can provide additional spatial isolation.
To check and demonstrate the feasibility and viability of SBFD, Samsung has developed and tested two different testbeds, one operating at FR1 3.5 GHz and one for FR2-1 26 GHz. These validate the feasibility of SBFD operation when implemented at the gNB-side.
Based on our hardware PoC and further analysis of the component RSIC capability, the FR1 RSIC budget calculation is further provided in Table 2 which is based on the RSIC analysis framework provided above. It should be noted that the resultant overall RSIC capability is compared against the required RSIC capability with the agreed “1dB sensitivity degradation due to self-interference of DL transmission as baseline”. 
Table-2: FR1 RSIC budget calculation Summary
	FR1
	Samsung

	BS class
	Wide 
Area BS
	Medium 
Range BS
	Local 
Area BS

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

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

	
	
	Frequency isolation 
techniques used
	DPD utilized
	DPD utilized
	DPD utilized
	

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

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

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

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

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

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

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

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

	
	
	Frequency isolation techniques
	Filtering
	Filtering
	N/A

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

	
	Digital IC  = ⑦ dBc
	20 dBc
	20 dBc
	20 dBc

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

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

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

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


Observation 4: According to SIC budget calculation in Table-2, it’s feasible to ensure 1dB de-sensitivity based on achievable spatial isolation, frequency isolation, RF IC and digital IC applied, for FR1 BS. 

On the other hand, based on the RSIC analysis framework provided above, FR2-1 RSIC budget calculation is provided in Table 3. 
Table-3: FR2-1 RSIC budget calculation Summary
	FR2-1
	Samsung

	BS class
	FR2-1 BS

	BS TX Power  = ① dBm
	30dBm

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

	
	
	Frequency isolation 
techniques used
	Without DPD

	
	Spatial isolation
	Spatial isolation capability  = ③ dBc
	87dBc

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

	
	Beam nulling /isolation 
= ④ dBc
	5dBc

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

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

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

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

	
	Frequency isolation at RX

	Frequency isolation capability ⑥ dBc
	24dBc

	
	
	Frequency isolation techniques
	Filtering

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

	
	Digital IC  = ⑦ dBc
	15dBc

	Overall RSIC capability  (Note 1)
	 129.5 dBc

	Noise floor ⑧dBm
	-83dBm/100MHz

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

	Required RSIC budget (①-⑨dBc)
	119 dBc


Observation 5: According to SIC budget calculation in Table-3, it’s feasible to ensure 1dB de-sensitivity based on achievable spatial isolation, frequency isolation and digital IC applied, for FR2-1 BS. 
In the following subsection, the component RSIC capabilities are further analysed based on Samsung’s testbeds results. 
2.2.1 Spatial Isolation 
As agreed in RAN1, it’s assumed separate panels for simultaneous downlink transmission and uplink reception as separate-TX/RX antenna array for evaluation of SBFD operation. The basic spatial isolation between RX and TX antenna panels can be achieved by directional isolation. 
Firstly, Tx/Rx isolation can be increased by increasing the spatial distance. Furthermore, an additional RF barrier structure could be useful to further improve Tx/Rx isolation performance, and using the RF barrier between the Tx and Rx panels could also affect the required spatial distance separating the Tx and Rx panels. A well-designed RF barrier can minimize the need for large spatial separation and mostly preserve the existing antenna form factor and enclosed volume comparable to legacy TDD. To design an efficient RF barrier, various electromagnetic resonator structures can be incorporated into the antenna design, e.g., wall(s), gap(s), or a combination of them. These result in surface wave nulling and can further block the undesired leakage signals from the Tx panel to the Rx panel.
Figure 2 demonstrates the S21 measurement results with respect to the distance between upper and lower antenna panels in our FR1 3.5 GHz SBFD testbed. 
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Figure 2: FR1 testbed and SIC performance when varying distance between upper and lower panel
While it can be expected that spatial isolation numbers vary depending on the form and particular layout configuration of antenna elements in the upper and lower panels, we have shown that >80 dB antenna isolation is possible between the Tx and Rx panels in FR1, with reasonable separation distance between upper and lower panel.
We observe similar and even better antenna isolation performance with the FR2-1 26 GHz testbed where panel separation can be exploited.
Figure 3 shows the FR2-1 testbed using 2 Tx panels and 2 Rx panels. Like described in the case of the FR1 3.5 GHz testbed, the Tx panel and the Rx panel in the FR2-1 26 GHz testbed are separated by a separation distance. Additional Tx/Rx isolation performance is then enabled by using an RF barrier, e.g., an additional EM resonant between the panels. In the case of FR2-1 26 GHz, since each panel can perform more directive beamforming in analog domain than possible in FR1 using mMIMO panels, the FR2-1 antenna isolation performance is better than what is achievable in FR1. An average of 87 dB antenna isolation can be observed based on the measurement results obtained from our FR2-1 testbed.
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Figure 3: FR2-1 testbed and SIC performance when varying the operating frequency

An important design consideration for increased spatial isolation provided by the RF barrier is whether such stopband performance is stable over a wide enough frequency range. EM isolators and resonant structures are designed around a specific center frequency, e.g., 3.5 GHz. Therefore, design of the resonant structure must account properly for the channel BW and NR operating band under consideration to provide a sufficiently large stopband between Tx and Rx panel. Another consideration is that undesired Tx/Rx interference is created by multiple EM sources, e.g., antenna elements in the Tx panel. Therefore, diffusion of the corresponding surface waves is more challenging when isolating the Tx and Rx panel. Despite these challenges, our FR1 3.5 GHz and FR2-1 26 GHz testbeds have achieved isolation performance that show almost uniform antenna and panel isolation performance with respect to frequency for the 100 MHz channel BW of the NR carrier in 3.5 GHz and 100 MHz CC BW in 26 GHz. Figure 3 shows measurement results from the FR2-1 testbed with respect to achievable antenna isolation as a function of the operating frequency.
According to above summary on the applied mechanisms and measurement results, the achievable level for TX and RX spatial isolation without impact on radiation pattern based on compact antenna size is around 80dB for FR1 and 87dB for FR2. 
Observation 6: At least 80dB for FR1 and 87dB for FR2 are achievable spatial isolation to support SBFD operation.
2.2.2 Beam nulling/isolation
Beam nulling is pending on implementation and antenna array size. For FR1 up to 5dB beam nulling isolation can be contributed to RSI if considered. The value proposed here is pessimistic compared to other companies’ input considering the beam nulling/isolation can’t be perfect considering the reflection/obstacles may make the beam nulling/isolation unseparated. However, with increased antenna size, for FR2 the complexity and cost of beam nulling will increase accordingly. And the beam nulling effect on isolation could be up to 5dB. It’s believed that this aspect may have been combined with the antenna isolation to some extent. 
Observation 7: Beam nulling if considered can contribute up to 5dB for both FR1 and FR2. 
2.2.3 Frequency isolation at TX
For SBFD, in which the Tx signal and the Rx signal are respectively allocated to non-overlapping frequency-domain resources on the same time-domain symbol for simultaneous transmission and reception, at least the waveform roll-off therefore reduces the magnitude of the Tx-Rx interference to which the Rx signal is subjected. Additionally, BB filtering can be applied to further increase the achievable isolation.
The use of frequency-domain isolation between the Tx and Rx signal allocations is primarily an approach that serves the purpose of reducing the amount of self-interference which must be further cancelled by a digital cancellation stage. Note that TDD gNB radio unit design must also account for ADC and LNA in the receiver path, e.g., to prevent Rx saturation or blocking by the spectral leakage created from the undesired Tx signal.
In the case of gNB-side SBFD operation, the SBFD UL subband can be considered as out-of-channel with respect to the 1 or 2 SBFD DL subband(s). Undesired spectral leakage from the DL Tx signal in the gNB into the Rx path are reduced similar to the case of out-of-channel leakage, e.g., comparable to the gNB Tx-side Adjacent Channel Leakage Ratio (ACLR) for coexistence between two operators on adjacent channels in the same NR band. Note that ACLR is determined by the non-linear characteristics of the PA and corresponding RF requirements are set by RAN4, e.g., 45 dBc for the gNB Tx.
While it can be considered to assume that the achievable Tx-to-Rx interference from the SBFD DL subband to the UL subband can only guarantee performance according to the less stringent in-channel RF requirements, our FR1 3.5 GHz testbed implementation shows that the use of digital pre-distortion (DPD) techniques to improve upon the non-linearity characteristics of the PA can achieve 45 dBc isolation between the SBFD DL and UL subbands. Figure 4 shows the achievable isolation in frequency domain for FR1 SFBD when Tx-to-Rx leakage is also compensated for by DPD based on the FR1 3.5 GHz testbed.
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Figure 4: FR1 testbed and PSD for SBFD DL and UL SBs after antenna isolation and digital pre-distortion

Observation 8: For Frequency isolation at TX, 45 dBc subband leakage ratio between the SBFD DL and UL subband when using non-overlapping frequency resources with digital pre-distortion can be achieved in FR1.
In the case of FR2-1, frequency-domain isolation for SBFD is of particular importance. Non-linear characteristics of mmWave PAs are worse than those of FR1 mid-band PAs. RAN4 ACLR requirements are more relaxed in FR2-1 when compared to FR1. This is due to beamforming providing isolation in FR2-1, implying that the probability of a blocker coming from the same direction is much lower than in FR1. Another consideration is that in FR1, the difference between the out-of-channel requirements like the ACLR and in-channel requirements like EVM is large. The PA linearity requirement is therefore dominated by out-of-channel requirements, e.g., ACLR. In FR2-1, these are at comparable levels. Spectral regrowth due to IM3 is dominant for in-channel requirements and as such, PA linearity requirements are rather driven by EVM and possibly in-band emissions. Another design challenge for DPD in FR2-1 is that PA characteristics must be carried through a feedback link from the output of the PA. In the case of mmWave, it is more difficult than in FR1 to create such a feedback link due to signal attenuation. Therefore, it is significantly more challenging to exploit DPD in FR2-1 such as done for FR1.
Despite these design challenges for gNB-side SBFD operation, our FR2-1 26 GHz testbed measurement results in Figure 5 show that 28 dBc leakage ratio between DL and UL subband (or component carriers) are still possible, e.g., similar to ACLR as existing out-of-channel requirement for FR2-1.
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Figure 5: FR2-1 testbed and PSD for SBFD DL and UL subbands after antenna isolation and filtering

Observation 9: For Frequency isolation at TX, 28 dBc subband leakage ratio between the SBFD DL and UL subband when using non-overlapping frequency resources can be achieved in FR2-1.

2.2.4 Frequency isolation at RX and RF SIC
To prevent ADC saturation in the Rx path of the gNB radio unit supporting SBFD, Rx filtering can be used to suppress the leakage from the Tx side interfering signal. Additional Rx filters can provide protection to avoid potential dynamic range and saturation issues for ADC or LNA when demodulating the UL subband in the Rx path of the gNB. Note that for RF filters with sharp roll-off’s, the order of the filter must increase, and so must then the size of the filter. Additional insertion losses are incurred which negatively affect the link budget. Additionally, analog filters such as IF and BB filters can be employed. For example, when the receiver is designed to use zero IF architecture, the receiver can use the lowpass filter to further remove the leakage signal after applying the mixer. By combining multiple LNAs, filter loss can be compensated more easily.

2.2.5 Digital IC
As aforementioned theoretically, the digital IC should be with the capability to remove all remaining self-interference if the total level to be handled by ADC input is within its dynamic range. For 12bit ADC with assumption of 12dB PRPA signal, the dynamic range is 50+dB.
The desired received signal is mixed with the undesired DL leakage signal in the Rx path of the gNB radio, e.g., after ADC. The unwanted DL leakage signal must be removed by receiver processing using digital SIC. It is necessary to estimate the interference channel between the Tx panel and the Rx panel. Digital SIC performance is helped when synchronization to accurately remove the Tx signal from the Rx signal can be obtained. In principle, two methods exist to estimate the interference channel. One approach is to store information on a Tx signal that has passed through the PA with a feedback link and then estimate the interference channel over-the-air to remove the interference from the Rx signal. Another approach is to use only over-the-air estimation. Without a feedback link, the whole combined channel can still be estimated through the Rx panel. We used the first approach in the FR1 3.5 GHz testbed and the second approach in the FR2-1 26 GHz testbed.
Observation 10: Digital IC capability depends on ADC dynamic range theoretically. 
2.4 RSI dependency on blocking
Based upon the WF [4] agreed in RAN4#104-Bis-e, at least the following two methods for LNA saturation/non-linearity analysis shall be further studied: 
	Agreement: 
· RAN4 further study on LNA saturation/non-linearity: 
· Option 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, for FR1 WA BS.
· FFS -43dBm could be enough for FR1 WA BS;
· FFS whether RMS/peak value should be used. 
· FFS an acceptable reference sensitivity: 
· It is assumed that the receiver performs sufficiently better than 3GPP minimum requirements that the sensitivity degradation is <=0.5-1dB when a -43dBm signal is applied instead of the RAN4 requirement of 6dB degradation.
· Other assumption is not precluded.
· FFS other BS classes in next meeting.
· Option 2: Further Evaluation should be based on IIP3 performance with respect to RAN4 receiver IM requirement  
· FFS how/whether LNA IIP3 value can be aligned. 



On discussion point is how to derive the IIP3 required based on the existing RAN4 requirement, i.e., which metric (either based upon general blocking requirement or the intermodulation requirement) shall be followed. However, it should be noted that both methods’ logic is to derive the IIP3 performance based on existing RAN4 requirement, while it is already agreed that “If found feasible, SBFD operation requires new/enhanced implementation for gNB capable of SBFD and cannot be software upgraded to existing BS”, so just strictly following RAN4 requirement to derive the required IIP3 metrics could be very pessimistic. 
Observation 11: Simply following existing RAN4 requirement to derive the required LNA IIP3 metrics and accordingly the feasibility conclusion of SBFD is very pessimistic assumption. 
2.5 ADC Dynamic Range
Based on the theoretical analysis for the achievable ADC dynamic range (based on the N-bit ADC and the process gain provided by 10log10((𝑓_𝑠/2)/𝐵𝑊)), it can be demonstrated that the requested ADC dynamic range (provided by the difference between Maximum acceptable leakage power at RX antenna and minimum received wanted power) is still within the range of commercialized available component. 
Table 4: Calculation on ADC dynamic range 
	Parameter
	FR1 (Wide Area BS）
	FR1 (Medium Range BS)
	FR2-1
	Comments

	Maximum acceptable leakage power at RX antenna (1)
	-43dBm
	-38dBm
	 -57.6dBm
	Refer to in-band blocking

	Minimum received wanted power (2) 
	~ -95.6 dBm
	~ -90.6 dBm
	~ -83.6 dBm/TRP
	Refer to REFSENS

	Requested ADC dynamic range: 
(3) = (1)-(2) 
and corresponding N-bit ADC required
	 ~ 52.6 dBc
12 bits ADC required
	~ 52.6 dBc
12 ADC required 
	0- 30 dBc
9 bits ADC required 
	Depending on receiver ADC saturation/dynamic range，𝑆𝑁R|_𝑑𝐵=6.02 N+4.77dB −𝑃𝐴𝑃𝑅|_𝑑𝐵+10log10((𝑓_𝑠/2)/𝐵𝑊)
9 bits assumed, 40dBc dynamic range with 12dB PAPR
12 bits assumed, 58dBc dynamic range with 12dB PAPR
14 bits assumed, 80dBc dynamic range with 12dB PAPR


Observation 12: According to calculation presented in Table 5, the requested ADC dynamic range is still within the range of commercialized available component. 
3 Co-channel Inter-Subband gNB-gNB CLI Modeling
3.1 Co-channel co-site inter-sector gNB-gNB CLI modelling
In case of co-site inter-sector gNB-gNB CLI, as indicated in last meeting it would be definitely problematic according to deterministic calculation if MCL reused as co-location gNB (e.g., 30dB for FR1 and 45dB for FR2). And it would be impractical to rely on increased PL by physical distance to resolve the interference issue, considering the limitation on deployment. 
For co-channel co-site gNB-gNB case, it’s assumed that the larger antenna isolation compared with self-interference case since the angle of each panel. And for frequency isolation the similar range as intra-node self-interference case can be assumed. 
It’s also concluded that same level as intra-node case should be achievable to guarantee the performance. For the feasibility of the digital IC, because it is co-site case, the three sectors can be connected to one common DU, in which the digital IC between sectors can be allowed to be performed in current NR architecture. It is totally gNB vendor’s selection on whether or not to implement this digital IC between sectors, depending on the spatial isolation achieved is enough or not.
However, it doesn’t matter on how the interference cancellation budget to be allocated in each mechanism. The key point should be confirmed here is that with all the available mechanisms applied, the victim gNB receiver will be impacted by additional 1dB de-sensitivity. And this is what should be considered in RAN1 SLS evaluation. 
Proposal 4: For co-channel co-site inter-sector gNB-gNB CLI modeling, RAN4 agree to take 1dB sensitivity degradation due to this CLI as baseline target for system level simulation and feasibility study. 
3.2 Co-channel inter-site gNB-gNB CLI modelling
Based on the discussion over the two RAN4 meetings, the common understanding is the TX leakage baseline can be assumed to be ACLR, but whether or not receiver impairment baseline can be improved over ACS has not been decided yet. To facilitate RAN4 co-existence evaluation, gNB ACS can be considered to be used as baseline for system level simulation and feasibility study. 
Proposal 5: For co-channel inter-site gNB-gNB CLI modeling, gNB ACS shall be used as baseline for system level simulation and feasibility study. Further study on the possibility of improved receiver impairment performance compared to gNB ACS shall not be precluded in future RAN4 works. 

4. BS RF Requirement Impact for SBFD capable gNB
4.1 Potentially impacted RF requirement for SBFD capable gNB
In the last RAN4 meeting, the following WF is agreed to encourage more discussion on the necessity of new RF requirements for SBFD operation: 
	Agreement: 
· RAN4 further study on the necessity of new RF requirements for SBFD operation with candidates as below:
· In-channel adjacent subblock leakage ratio (new)
· In-channel adjacent subblock blocking (new)
· Receiver OTA REFSENS (FFS)
· Receiver intermodulation (FFS)
· Transmitter intermodulation (for FR2 only)
· Other proposals on new RF requirement(s) not precluded



For the in-channel adjacent subblock leakage ratio (new) and in-channel adjacent subblock blocking (new), the intended purpose is to make sure the SBFD operation without issues. However, we see the difficulty to specify a reasonable requirement accordingly because the RSIC budget over various component capabilities can be an implementation-specific issue, which is highly depends on vendors’ choice. For instance, with or without TX DPD could have significant impact on in-channel adjacent subblock leakage ratio, while RAN4 can’t specify the requirement based on implementation with DPD since some vendors may use other methods to deliver the similar overall RSIC capability to make sure SBFD operate well. Similar story for the potential new metric, in-channel adjacent subblock blocking: with or without RF SIC, the required in-channel adjacent subblock blocking requirement can be significantly different, while it is hard for RAN4 to agree on a single RF architecture to derive the requirement. 
Observation 13: It is difficult for RAN4 to agree on a single RF architecture to derive the potential new requirements for (1) in-channel adjacent subblock leakage ratio (new) and (2) in-channel adjacent subblock blocking (new). 
Proposal 6: RAN4 consider the SBFD performance requirement for receiver sensitivity with the simultaneous TX in the SBFD time slot, in which the in-channel adjacent subblock leakage ratio and in-channel adjacent subblock blocking requirements can be guaranteed implicitly while no explicit requirement needed.

4.2 Existing requirement without impact for SBFD capable gNB
Based on WF [4] agreed in last meeting, it is FFS that the existing RF requirements with respect to wanted signal as below are still applicable for gNB capable of SBFD. Based on our understanding, there should be no impact on core requirement is expected for gNB capable of SBFD operation, since the SBFD operation should not result in performance degradation for DL transmission and UL reception with respect to wanted signal. Therefore, it can be confirmed that the existing RF requirements with respect to wanted signal as below are still applicable. 
Proposal 7: The existing RF requirements with respect to wanted signal as below are still applicable for gNB capable of SBFD: 
	Conducted RF requirement 
	Radiated RF requirement 

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



Secondly, for receiver out-of-band blocking and receiver spurious emission, the existing RF requirement applies with outside frequency range of TDD operating band with certain exclusion as delta OBB for receiver out-of-band blocking and delta OBUE for receiver spurious emission. Hence both limits should still be applied for SBFD capable gNB without any update. 
Proposal 8: The receiver out-of-band blocking and receiver spurious emission requirement in TS38.104 are still applicable for gNB capable of SBFD.

5. Response to RAN1 LS (R1-2210602, R1-2210671, R1-2205543)
5.1 Response to RAN1 LS R1-2210602
In RAN1 #101-bis-e, the agreements captured in R1-2210602 are achieved for the self-interference modeling, while it is expected RAN4 to confirm the RAN1’s understanding. There are four RAN1 agreements, and we will provide our analysis one by one: 
5.1.1 Discussion on RAN1 Agreement-1
	In RAN1#110bis-e, RAN1 made the following agreements.
Agreement-1
RAN1 assumes frequency isolation value in the overall RSI value ranges provided by RAN4 is based on the assumption of SBFD subband configuration with {DUD=40MHz:20MHz:40MHz} at least for FR1 and all the DL RBs in the DL subbands are allocated with maximum gNB DL Tx Power.
· For SLS of SBFD in RAN1, the RSI is modelled as frequency flat within the UL subband. 
· Using to denote the overall RSI value provided by RAN4, RAN1 makes the following assumption
· 
·  is the residual self-interference power on the UL subband when all the DL RBs in the DL subbands are allocated with maximum gNB DL Tx Power (in linear scale).
·  is the maximum gNB DL Tx Power on the two DL subbands (in linear scale).
·  is the total number of DL RBs in the DL subbands.
·  is the total number of UL RBs in the UL subband.
· Note:  is in linear scale
· RAN1 further makes a simple assumption that  doesn’t change when DL RBs are not fully allocated for DL transmission, and the residual self-interference power on one UL RB when DL RBs are not fully allocated for DL transmission is computed by
· 
·  is DL transmission power of gNB per RB,  
·  is the number of DL RBs allocated for DL transmission.
· Send LS to RAN4 to confirm RAN1’s assumptions and the subband configuration assumed for FR1/FR2
· Also ask RAN4 if the above is applicable to other subband configurations




For the SBFD subband configuration, i.e., {DUD=40MHz:20MHz:40MHz} at least for FR1, we think it is feasible assumption which is also aligned with RAN4’s analysis. 
For agreement-1, the equation  is based on the frequency flat modeling of gNB self-interference, which is aligned with RAN4’s agreement achieved in GTW of RAN4#104-bis-e: 
	Agreement (based on GTW on Oct. 14th): 
· gNB self-interference can be modelled as frequency flat.


Furthermore, RAN1 also make a simple assumption that that  doesn’t change when DL RBs are not fully allocated for DL transmission, and the resultant RSI power on one UL RB if DL RBs are not fully allocated can be derived accordingly. 
Proposal 9: Regarding RAN1 Agreement-1 in R1-2210602, RAN4 confirm that the SBFD subband configuration {DUD=40MHz:20MHz:40MHz} is feasible at least for FR1. RAN4 confirm that gNB self-interference can be modelled as frequency flat, with that RAN1’s assumption in Agreement-1 can be confirmed. 
5.1.2 Discussion on RAN1 Agreement-2
	Agreement-2
For SLS in RAN1, if only large scale fading is modelled and small scale fading is not modelled for gNB-gNB co-channel channel model, the power of inter-site gNB-gNB co-channel inter-subband CLI experienced by the victim gNB on each receiver chain at one UL RB can be modelled as
·  
·  is the power of inter-site gNB-gNB co-channel inter-subband CLI from gNB  to gNB  on each receiver chain at one UL RB (linear value)
·  is DL transmission power of gNB  across all transmit chains per RB (linear value). .
·  is the number of DL RBs allocated for DL transmission by gNB 
· is the coupling loss between gNB  and gNB  (linear value), accounting for beamforming at the aggressor gNB and victim gNB.
· FFS: the detailed definition of the coupling loss, which can be discussed later
·  is the total number of DL RBs in the DL subbands
· Note:  and  are in linear scale. In RAN4 reply LS, gNB ACLR (i.e., ) is provided as the candidate for TX leakage, and gNB ACS (i.e., ) is provided as the candidate for Receiver impairment. 
· Note: the model is based on the assumption that the same transmission power across different DL RBs is used in SLS. This does not prevent companies to use other DL power allocation schemes in SLS.
· Note: This model is not applicable to the RBs in the guardband.
· Note: This model is not applicable for some candidate gNB-gNB CLI handling schemes (for example, spatial digital beam coordination, advanced receivers)
· Send LS to RAN4 to confirm RAN1’s understanding



As discussed above in this paper, the common understanding is the TX leakage baseline can be assumed to be ACLR, but whether or not receiver impairment baseline can be improved over ACS has not been decided yet. To facilitate the work for system-level simulation, gNB ACS can be considered to be used as baseline. 
Proposal 10: Regarding RAN1 Agreement-2 in R1-2210602, RAN4 can confirm RAN1’s understanding for inter-site gNB-gNB co-channel inter-subband CLI modeling with only large scale fading modelled, with gNB ACLR and ACS used as baseline for system level simulation and feasibility study. It should be noted that RAN4 has not yet preclude further study on the possibility of improved receiver impairment performance compared to gNB ACS. 
5.1.3 Discussion on RAN1 Agreement-3
	Agreement-3
For SLS in RAN1, if both large scale fading and small scale fading are modelled for gNB-gNB co-channel channel model, the inter-site gNB-gNB co-channel inter-subband CLI signal across all Rx chains at UL RB  at victim gNB can be modeled as  where,
·  is the first part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB , caused by power leakage at aggressor gNB,
·  is the  channel matrix between aggressor gNB and victim gNB at UL RB , the beamforming of the aggressor gNB and the victim gNB can be taken into account by ,
·  is the unwanted emission across all Tx chains at UL RB  at aggressor gNB,
·  is the number of Tx chains at aggressor gNB,
· , , is modelled as white Gaussian noise,
·    is the total leakage power at UL RB  at aggressor gNB,
·  is the DL power transmitted across all Tx chains at one DL RB at aggressor gNB, ,
·  is the number of DL RBs scheduled for DL transmission by aggressor gNB,
·  is the total number of DL RBs in the DL subbands
·  is the  normalized identity matrix with unit norm, ,
· FFS whether  can be other values and corresponding conditions
· FFS for 
· Note:  and  are in linear scale. In RAN4 reply LS, gNB ACLR (i.e., ) is provided as the candidate for TX leakage, and gNB ACS (i.e., ) is provided as the candidate for Receiver impairment. 
· Note: the model is based on the assumption that the same transmission power across different DL RBs are used in SLS. This does not prevent companies to use other DL power allocation schemes in SLS.
· Note: This model is not applicable to the RBs in the guardband.
· Send LS to RAN4 to confirm RAN1’s understanding.



Proposal 11: Regarding RAN1 Agreement-3 in R1-2210602, RAN4 can confirm RAN1’s understanding for inter-site gNB-gNB co-channel inter-subband CLI modeling with both large and small scale fadings modelled, with gNB ACLR and ACS used as baseline for system level simulation and feasibility study. It should be noted that RAN4 has not yet preclude further study on the possibility of improved receiver impairment performance compared to gNB ACS. 

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



Proposal 12: Regarding RAN1 Agreement-4 in R1-2210602, RAN4 can confirm RAN1’s understanding that the method to derive the value of  based on 1dB sensitivity degradation is aligned with RAN4 understanding. It should be noted that the following agreement is achieved further in RAN4#104-bis-e:
	Agreement (based on GTW on Oct. 14th): 
· Criteria on gNB UL receiver sensitivity degradation due to self-interference: 
· Taking 1dB sensitivity degradation due to self-interference of DL transmission as baseline target for system level evaluation and feasibility study at current stage from RAN4 perspective
· Final values used in co-existence evaluation shall be aligned with feasibility analysis conclusion.
· RAN4 can use 1dB sensitivity degradation as criteria in feasibility study
· FFS whether other values can be considered for some special cases
· Above conclusion intended for RAN4 only and other WGs can make conclusion based on their own analysis. 


With the above discussion, the draft reply LS is provided in the Appendix-1. 

5.2 Response to RAN1 LS R1-2210671
In RAN1 #101-bis-e, the RAN1 agreement captured in R1-2210671 is achieved for the maximum number of UL subbands for SBFD operation as below:
	In RAN1#110bis-e, RAN1 made the following agreement.
Agreement:
The maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one for the study in RAN1.
· The UL subband can be located at one side of the carrier.
· The UL subband can be located at the middle part of the carrier
Note: RAN1 considers the above two possibilities unless RAN4 concludes that any one is infeasible.
Note: Two UL subbands for SBFD operation in an SBFD symbol within a TDD carrier due to SBFD operation in legacy UL symbols is subject to further RAN1 discussions which is 2nd priority as per RAN guidance.
Send an LS to RAN4 to inform the above agreement. If RAN4 has response, it will be taken into account but in the meanwhile, RAN1 work will continue based on the above.


 
In existing RAN4 analysis, one UL subband as the maximum number of UL subbands for SBFD operation in an SBFD symbol is also followed. With that, we would like to confirm the above RAN1 understanding, while taking the case with two UL subbands for SBFD operation as 2nd priority is also reasonable assumption from RAN4 perspective. 
Proposal 13: RAN4 confirm the RAN1 agreement that the maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one, and also take the case with two UL subbands for SBFD operation as 2nd priority in RAN4 discussion. 
5.3 Response to RAN1 LS R1-2205543
In addition to the reply LS to RAN1 sent on Aug. meeting [2], additional agreements obtained in RAN4 shall be further sent to RAN1 [4][5]. The corresponding response have been incooperated into the draft reply LS in the appendix. 

6. Conclusion
In this contribution, we provided our viewpoints on the feasibility and RF impact of SBFD from BS aspects, accordingly the following observations and proposals are obtained: 
RSIC Analysis Framework:
Proposal 1: RAN4 adopt the RSIC capability analysis framework in Table-1, which is characterized by (a) per BS class analysis; (b) separated TX and RX RSIC component capabilities and (c) values derived for checking purpose. 
Table-1: Proposed RSIC Analysis Framework 
	FR1 (or FR2-1)
	Company-A

	BS class
	Wide 
Area BS
	Medium 
Range BS
	Local 
Area BS

	BS TX Power  = ① dBm
	xxx dBm
	
	

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

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

	
	Spatial isolation
	Spatial isolation capability 
 = ③ dBc
	xxx dBc
	 
	 

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

	
	Beam nulling /isolation 
= ④ dBc
	xxx dBc
	
	

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

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

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

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

	
	Frequency isolation at RX
	Frequency isolation capability ⑥ dBc
	xxx dBc
	 
	 

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

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

	
	Digital IC  = ⑦ dBc
	xxx dBc
	 
	 

	Overall RSIC capability  (Note 1)
	xxx dBc
	
	

	Noise floor ⑧dBm
	xxx dBm/CBW
	
	

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

	Required RSIC budget (①-⑨dBc)
	xxx dBc
	
	

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



Proposal 2: Companies are encouraged to provide input into the above RSIC capability analysis framework for both FR1 and FR2-1, for RSIC feasibility. 

Observation 1: Before digital IC, the self-interference comes from two sources:
· , Interference leakage in gNB RX subband due to non-ideal TX, which can be derived as , with the reference point being set at RX antenna. 
· , Interference in gNB RX subband caused by non-ideal RX selectivity, which can be derived as , which is the gain-normalized value with reference point being set at RX antenna. 
Observation 2: Before digital IC, the residual self-interference in RX subband is .
Observation 3: After digital IC, the residual self-interference in the RX subband can be derived as 
dBm.
Proposal 3: Based on the component RSIC capability in Table 1, the overall RSIC capability can be derived as 
 
 dBc.

Further Analysis on RSIC Capability for FR1 and FR2-1 BS:
Observation 4: According to SIC budget calculation in Table-2, it’s feasible to ensure 1dB de-sensitivity based on achievable spatial isolation, frequency isolation, RF IC and digital IC applied, for FR1 BS. 
Observation 5: According to SIC budget calculation in Table-3, it’s feasible to ensure 1dB de-sensitivity based on achievable spatial isolation, frequency isolation and digital IC applied, for FR2-1 BS. 
Observation 6: At least 80dB for FR1 and 87dB for FR2 are achievable spatial isolation to support SBFD operation.
Observation 7: Beam nulling if considered can contribute up to 5dB for both FR1 and FR2. 
Observation 8: For Frequency isolation at TX, 45 dBc subband leakage ratio between the SBFD DL and UL subband when using non-overlapping frequency resources with digital pre-distortion can be achieved in FR1.
Observation 9: For Frequency isolation at TX, 28 dBc subband leakage ratio between the SBFD DL and UL subband when using non-overlapping frequency resources can be achieved in FR2-1.
Observation 10: Digital IC capability depends on ADC dynamic range theoretically. 
Observation 11: Simply following existing RAN4 requirement to derive the required LNA IIP3 metrics and accordingly the feasibility conclusion of SBFD is very pessimistic assumption. 
Observation 12: According to calculation presented in Table 5, the requested ADC dynamic range is still within the range of commercialized available component. 

Co-channel Inter-Subband gNB-gNB CLI Modeling:
Proposal 4: For co-channel co-site inter-sector gNB-gNB CLI modeling, RAN4 agree to take 1dB sensitivity degradation due to this CLI as baseline target for system level simulation and feasibility study. 
Proposal 5: For co-channel inter-site gNB-gNB CLI modeling, gNB ACS shall be used as baseline for system level simulation and feasibility study. Further study on the possibility of improved receiver impairment performance compared to gNB ACS shall not be precluded in future RAN4 works. 

BS RF Requirement Impact for SBFD capable gNB:
Observation 13: It is difficult for RAN4 to agree on a single RF architecture to derive the potential new requirements for (1) in-channel adjacent subblock leakage ratio (new) and (2) in-channel adjacent subblock blocking (new). 
Proposal 6: RAN4 consider the SBFD performance requirement for receiver sensitivity with the simultaneous TX in the SBFD time slot, in which the in-channel adjacent subblock leakage ratio and in-channel adjacent subblock blocking requirements can be guaranteed implicitly while no explicit requirement needed.
Proposal 7: The existing RF requirements with respect to wanted signal as below are still applicable for gNB capable of SBFD: 
	Conducted RF requirement 
	Radiated RF requirement 

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


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

Response to RAN1 LS (R1-2210602, R1-2210671):
Proposal 9: Regarding RAN1 Agreement-1 in R1-2210602, RAN4 confirm that the SBFD subband configuration {DUD=40MHz:20MHz:40MHz} is feasible at least for FR1. RAN4 confirm that gNB self-interference can be modelled as frequency flat, with that RAN1’s assumption in Agreement-1 can be confirmed. 
Proposal 10: Regarding RAN1 Agreement-2 in R1-2210602, RAN4 can confirm RAN1’s understanding for inter-site gNB-gNB co-channel inter-subband CLI modeling with only large scale fading modelled, with gNB ACLR and ACS used as baseline for system level simulation and feasibility study. It should be noted that RAN4 has not yet preclude further study on the possibility of improved receiver impairment performance compared to gNB ACS. 
Proposal 11: Regarding RAN1 Agreement-3 in R1-2210602, RAN4 can confirm RAN1’s understanding for inter-site gNB-gNB co-channel inter-subband CLI modeling with both large and small scale fadings modelled, with gNB ACLR and ACS used as baseline for system level simulation and feasibility study. It should be noted that RAN4 has not yet preclude further study on the possibility of improved receiver impairment performance compared to gNB ACS. 
Proposal 12: Regarding RAN1 Agreement-4 in R1-2210602, RAN4 can confirm RAN1’s understanding that the method to derive the value of  based on 1dB sensitivity degradation is aligned with RAN4 understanding. It should be noted that the following agreement is achieved further in RAN4#104-bis-e:
	Agreement (based on GTW on Oct. 14th): 
· Criteria on gNB UL receiver sensitivity degradation due to self-interference: 
· Taking 1dB sensitivity degradation due to self-interference of DL transmission as baseline target for system level evaluation and feasibility study at current stage from RAN4 perspective
· Final values used in co-existence evaluation shall be aligned with feasibility analysis conclusion.
· RAN4 can use 1dB sensitivity degradation as criteria in feasibility study
· FFS whether other values can be considered for some special cases
· Above conclusion intended for RAN4 only and other WGs can make conclusion based on their own analysis. 



Proposal 13: RAN4 confirm the RAN1 agreement that the maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one, and also take the case with two UL subbands for SBFD operation as 2nd priority in RAN4 discussion. 
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Attachments:	-

1	Overall description
For RAN1 LS R1-2210602, RAN4 thanks RAN1 for further sharing the agreement on interference type for Rel-18 NR duplex evolution study. For the four agreements regarding the interference modelling for SBFD operation, RAN4 has discussed and conclude the reply as follows:  
· Regarding RAN1 Agreement-1 in R1-2210602, RAN4 confirm that the SBFD subband configuration {DUD=40MHz:20MHz:40MHz} is feasible at least for FR1. RAN4 confirm that gNB self-interference can be modelled as frequency flat, with that RAN1’s assumption in Agreement-1 can be confirmed.
· Regarding RAN1 Agreement-2 and 3 in R1-2210602, RAN4 can confirm RAN1’s understanding for inter-site gNB-gNB co-channel inter-subband CLI modeling, with gNB ACLR and ACS used as baseline for system level simulation and feasibility study. It should be noted that RAN4 has not yet preclude further study on the possibility of improved receiver impairment performance compared to gNB ACS. 
· Regarding RAN1 Agreement-4 in R1-2210602, RAN4 can confirm RAN1’s understanding that the method to derive the value of  based on 1dB sensitivity degradation is aligned with RAN4 understanding. It should be noted that the following agreement is achieved further in RAN4#104-bis-e:
	RAN4 Agreement (based on GTW on Oct. 14th): 
· Criteria on gNB UL receiver sensitivity degradation due to self-interference: 
· Taking 1dB sensitivity degradation due to self-interference of DL transmission as baseline target for system level evaluation and feasibility study at current stage from RAN4 perspective
· Final values used in co-existence evaluation shall be aligned with feasibility analysis conclusion.
· RAN4 can use 1dB sensitivity degradation as criteria in feasibility study
· FFS whether other values can be considered for some special cases
· Above conclusion intended for RAN4 only and other WGs can make conclusion based on their own analysis. 



For RAN1 LS R1-2210671, RAN4 thanks RAN1 for sharing the agreement on the maximum number of UL subbands for duplex evolution. RAN4 would like to confirm the RAN1 agreement that the maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one, and also take the case with two UL subbands for SBFD operation as 2nd priority in RAN4 discussion.
In addition to RAN4 reply LS in R4-2214376, the following RAN4 agreements are achieved for TX modelling for UE-UE CLI:
· UE TX aggressor toward adjacent channel victim (FR1):
· What base value for ACLR1 in TX model for FR1 power class 3?
· 30 dB is the total distortion power on either side of a fully allocated uplink sub-band. The ACLR1 distortion PSD is modeled as flat over that range 
· FFS whether RAN4 need to model allocations that are less than fully  allocated uplink sub-bands
· What base value value should the model use for FR1 PC3 ACLR2?
· Evaluate the effect of UE-UE CLI with ACLR1 only.
· Revisit the discussion on ACLR2 if UE-UE CLI becomes significant
· Do we need to model TX power classes other than FR1 PC3?
· Only power class 3 is considered
· What is the frequency resolution (granularity) of the model?
· Distortion is modeled as a flat power spectral densitity across the frequency range of the distortion
· Should the ACLR-based interference be scaled with backoff?
· Do not model improved ACLR with backoff
· Revisit the discussion on backoff-dependent ACLR if UE-UE CLI becomes significant
· UE TX aggressor toward adjacent channel victim (FR2-1)
· Should the model use ACLR or OBW as the base value?
· For FR2-1 use Occupied BW as the basis (23 dB)
· Should the FR2-1 model include an ACLR2-type aspect, similar to FR1?
· ACLR-2 model aspect is precluded for FR2-1
· UE TX aggressor toward co-channel victim (FR1)
· ACLR or IBE based model
· Use IBE-based model for co-channel

· What is the frequency domain granularity of the IBE-based model
· IBE-based model granularity is 1 RB.
· IBE-based model inclusion of image and LO location assumption
· The IBE-based model should Include the image aspect of IBE and assume the LO is in the middle of the channel to allow for correct placement of the image frequency.
· UE TX aggressor toward co-channel victim (FR2-1) 
· Use the same approach as UE TX aggressor toward co-channel victim for FR1

And the following RAN4 agreements are achieved for RX modelling for UE-UE CLI:
· UE RX victim from adjacent channel aggressor (FR1)
· ACS value as one performance point in the model
· 33 dB value (33 dB comes from ACS) as performance point in the RX model
· RX model with adjacent channel blocker over the RX dynamic range
· If the blocker is higher than -25dBm, it is assumed it will result large receiver degradation and hence the RX will not correctly decode the data (100% packet loss)
· UE RX victim from adjacent channel aggressor (FR2-1)
· ACS value as one performance point in the model
· 23 dB value (from ACS) as performance point in the FR2-1 model
· RX model with adjacent channel blocker over the RX dynamic range
· For FR2-1 Use the same method as in FR1, with changes being related to the parameters of ACS value, REFSENS, and maximum input power level 
· UE RX victim from co-channel aggressor (FR1)
· Receiver sub-band selectivity
· FFS with below candidate options for further consideration:
· Option 1: 0 dB without any rejection/attenuation on interference in adjacent sub-band 
· Option 2: Something based on 33 dB FR1 ACS but the details are not clear
· Option 3: Typical performance model
· Other options not precluded 
· FFS for the sub-band definition from UE perspective for SBFD operation 
· Further discuss the definition of sub-band selectivity 
· Configuring the UE channel bandwidth to be equal to a sub-band for selectivity
· FFS whether UE channel bandwidth be configured to equal the sub-band BW for SBFD operation from UE perspective 
· UE RX victim from co-channel aggressor (FR2-1) 
· For FR2-1 use the same method as in co-channel RX victim for FR1. Note that the co-channel RX victim method for FR1 has not been agreed yet.
2	Actions
To RAN WG1 
ACTION: 	RAN4 kindly asks RAN1 to consider above replies in the future discussion. 
3	Dates of next RAN WG 4 meetings
TSG RAN WG4 Meeting #106			27th Feb – 3rd March, 2023   		Athens, Greece
TSG RAN WG4 Meeting #107			22th – 26th May, 2023   	    		Korea
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